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HIGH VACUUM COMPONENTS, EQUIPMENT, and SYSTEMS 


Mechanical Vacuum Pumps 


NRC Model 100M 


Because of the Gas Ballast feature, these pumps 
maintain their original high efficiency even when 
pumping 100% water, or other condensable 
vapors. Therefore, expensive oil purifiers and 
frequent and costly oil changes are not needed. 
NRC pumps have paid for themselves in three 
years from oil savings alone. 


Diffusion and Booster Pumps 


NRC Booster and Diffusion Pump 
While NRC high vacuum diffusion and booster 
pumps are unsurpassed for through-put, blank 
off, and forepressure tolerance, they are es- 
pecially outstanding for reliability. They offer 
long, trouble-free life, and are easy to maintain. 
Narcoil pumping fluids are unusually stable, have 
excellent pumping characteristics, and are low- 
priced. Narcoil-l0 is $10.50 per gallon and 
Narcoil-40 is $38.50 per gallon. 


Vacuum Gauges 


NRC Medel 520 


NRC vacuum gauges are outstanding for their 
accuracy and ability to withstand hard usage. 
The NRC Model 520 shown above is an all- 
purpose gauge with uniquely wide range and 
accuracy. Its ruggedized new circuitry eliminates 
troubl comp Ss, minimi contamina- 
tion effects and provides highly stable linear 
amplification. 


Ultimate | Ultimate 


Blank- 
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mm. 

Hg (C) 


Max. 
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Liters / Fluid 

Sec. 


Price 
com- 
plete 
with 
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mm. Hg 


SINGLE STAGE 


DIFFUSION PUMPS 


NRC HIGH VACUUM GAUGES 


125 
3.3 3x 10"? 
6.75 3x10? 


3x 107? 
3x 
3x 107° 


x 10°? 


403 5x 107° 


Less than one half millimeter 
of mercury 


DOUBLE STAGE 


2.5 x 10°? 
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Note A: McLeod gauge reading 


Note B: F.O.B. Newton, Mass. Price includes 
pump, v-belt drive, and motor 


3500 
5900 


G-2-M (A) 8x10"? 30 
H-2-P 2x10 80 


0.50 Mercury 
0.25 Narcoil 40 


0.20 DC 703 
0.31 Narcoil 40 
0.20 Narcoil 40 


2xl0* 
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5x10°7 730 


A-2-P (B) 


501 Thermocouple 10°* to 1.0 $11.00 


Head 
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5x 107° 


lonization 
Head 


1900 
5500 


0.19 Narcoil 40 
0.30 Narcoil 40 
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BOOSTER PUMPS 


0.30 Narcoil 10 
0.85 Narcoil 10 


1x 8 
85 


260 
530 


1.30 Narcoil 10 
0.90 Narcoil 10 


Ix 1074 
1x 


B-12 1x10 3500 0.90 Narcoil 10 2250 


Note A: Glass pump 

Note B: Air-cooled. Price includes blower 

Note C: Untrapped ion gauge, except for G-2-M 
Note D: Includes initial charge of pumping fluid 


Alphatron(R) 
lonization 
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701 Thermocouple 10° to 1.0 
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to 1.0 


710 Thermocouple 


lonization 


NRC HIGH VACUUM SYSTEMS 


Write us about your problem if you are seek- 
ing ways to improve your product quality and 


cut costs. 
As one of the 


ioneers and leaders in the de- 
sign and manufacture of many kinds of high 


Vacuum Furnaces, Vacuum Coaters 
Freeze Driers, Impregnators, 
Vacuum Analytical Equipment 

(for measuring gas content of metals) 


vacuum systems, NRC also can supply stand- 
ard and specially engineered equipment such as: 


Vacuum Driers 


Specially engineered vacuum systems 
Leak detection apparatus 


The above prices are F.O.B. Newton, Mass., 
for U.S. and Canada only. 


Represented in England by: WILD-BARFIELD ELECTRIC FURNACES, LTD., Watford, Herts. 
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Irving Langmuir 1881—1957 


Dr. Irving Langmuir, distinguished for his epoch-making discoveries in physical chemistry 
and outstanding for his contributions to the progress of vacuum technique, died on August 6th. 


Born at Brooklyn, New York, on January 31st, 1881, Irving Langmuir graduated in 
1903 at the Columbia School of Mines, New York. He then studied at Gottingen (Ger- 
many) taking his Ph.D. in 1906, and subsequently was appointed a teacher in chemistry 
at the Stevens Institute, Hoboken. In 1909, at the invitation of Dr. Whitney, he joined 
the Research Laboratories of the General Electric Co., and stayed with this organisa- 
tion until 1950 when he retired from his position of an Associate Director of Research. 
Dr. Langmuir was bestowed many honours by learned societies, American and foreign, 
the highest being the 1932 Nobel Prize for Chemistry. 


The impact of Dr. Langmuir’s work on science as a whole, and his inspiring personality, 1s 
movingly presented on the following pages by one of his colleagues, Dr. Katherine B. Blodgett. 
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Irving Langmuir 


On the afternoon of August 6th the workers in the Research Laboratory of the General 
Electric Company, Schenectady, looked out of their windows and saw a flag flying at 
half-mast on the flagpole near the gatehouse. Many of them knew that for three days 
Dr. Irving Langmuir had been near death with a coronary thrombosis, and that now 
the end had come. It was almost impossible to realise that the man who had given them 
so much help was gone. All at once they knew how much they had depended on him 


for advice and inspiration. 


For many years I have been privileged to work in Dr. Langmuir’s laboratory and 
office, and to feel the quality of his genius. Often I have tried to explain to my non- 
scientific friends how a genius in scientific research differs from other workers, and have 
fallen back on an analogy to help me: “ Research investigation is like blazing a trail 
through a forest that nobody has ever penetrated. The worker is continually having 
to choose which way to go. The ordinary worker makes many good choices, bungles 
many others, and may never succeed in finding his way out of the forest. Dr. Langmuir 
unerringly keeps his sense of direction, somehow manages to make the right choices, 
and presently emerges on the far side of the forest. Then, figuratively speaking, he 
looks about and asks—‘Where is the next forest ?’, while the rest of us, panting to 
catch up with the line of reasoning that led him to success, ask ourselves ‘How did 
he know the way?’” 


The wide variety of investigations in which he was successful was largely due to his 
turn of mind which I have pictured as asking—‘Where is the next forest ?? His 223 
published papers include the following fifteen topics: 


Atomic hydrogen arc welding (1926). 
The theory of collectors in gaseous discharges 


The laws of convection and conduction 
of heat in gases (1912). 


The effect of space charge and residual 
gases on thermionic currents in high 
vacuum (1913). 

The constitution and fundamental pro- 
perties of solids and liquids (1916). 

The condensation pump: an improved 
form of high vacuum pump (1916). 

The arrangement of electrons in atoms and 
molecules (1919). 

Chemical reactions on surfaces (1921). 

The electron emission from _ thoriated 
tungsten filaments (1921). 


(1926). 

General theory of the plasma of an arc 
(1929). 

Oxygen films on tungsten (1931). 

Surface chemistry. Nobel lecture (1933). 

Built-up films of proteins and their pro- 
perties (1937). 

Rates of evaporation of water through 
compressed monolayers on water (1943). 


Studies on the effects produced by dry ice 
seeding of stratus clouds (1948). 


Vo. 
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One of the characteristics for which Dr. Langmuir has been famous in the Research 
Laboratory was his prodigious memory and the use to which he was able to put it. 
I have often seen incidents take place like the following: Dr. Langmuir would be 
sitting at his desk, deeply immersed in a problem. The door of the office would open 
and a worker come in to ask him a question. Usually the worker had been pursuing 
his own problem for quite a long time and had reached a point where he needed help. 
As soon as Dr. Langmuir heard the worker’s question he would marshal in a flash all 
he knew about the subject, recalling past experiments in great detail and with complete 
accuracy, and presently give the worker a helpful suggestion. Those who have witnessed 
this feat have often said ‘We know he has a tremendous store of knowledge, but how 
does he dig it out of his memory at an instant’s notice ?’ 


Vincent J. Schaefer was working in Dr. Langmuir’s laboratory in July 1946 when 
he discovered that dry ice would cause super-cooled water vapour to turn into snow. 
There followed a long series of experiments on the seeding of clouds with dry ice. 
Dr. Langmuir took a very great interest in these experiments and directed many of 
them. I believe that during the last years of his life the cloud-seeding experiments 
occupied the greater part of his time and interest. He did most of his work at home, 
making calculations and working out theories. However, he was always ready to come 
to the Research Laboratory when a worker needed help. A worker had only to telephone 
him at his home and ask ‘Will you be at the Laboratory this morning? I should like 
to show you my experiment.’ The answer would invariably be ‘Yes’. 


The world will long appreciate its indebtedness to Dr. Langmuir for his many 
contributions to science and for his inventions, the gas-filled lamp being one of the 
best-known of these. Scientists everywhere will find in his writings a treasure-house 
of reports of distinguished pioneer investigations, carried out with originality and 
integrity, and reported with the clarity that characterises the writer who thoroughly 


understands his subject. 
Katherine B. Blodgett 


Schenectady, New York 
September 4, 1957. 
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versity, W. Lafayette, Indiana. He served as physics research assistant and instructor, receiving the 
M.S. degree in Physics in 1939 and the Ph. D. degree in Physics in 1941. During this period, his research 
activities were concerned primarily with gaseous discharge phenomena and beta-ray spectroscopy. 
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carrying out experimental nuclear physics research on the cyclotron. 

In 1942, he joined the staff of the University of California Radiation Laboratory, Berkeley, California 
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and Techniques’ and ‘The Characteristics of Electrical Discharges in Magnetic Fields’. In 1948 he 
was appointed Associate Professor of Physics at San José State College, San José, California. His princi- 
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Dr. Guthrie joined the U.S. Naval Radiological Defense Laboratory in 1950, where he is presently 
Head of the Nucleonics Division. This Division is concerned with physics and electronics research 
relating to nuclear detonations and controlled nuclear processes. Dr. Guthrie is a member of the 
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VACUUM EDUCATION IN THE UNITED STATES 


A. Guthrie, B.A., M.S., Ph.D. 


Summary 


TRAINING IN VACUUM TECHNOLOGY in the U.S.A. is discussed, 

ing into consideration universities, industries using 
vacuum processes, vacuum equipment manufacturers, 
industrial research laboratories, Atomic Energy Commis- 
sion installations and laboratories operated by the U.S. 
Government. The most wide-spread method of training is 
of the on-the-job variety, involving working with vacuum 
equipment and with more experienced personnel, the use of 
informal conferences and the use of the technical literature. 
Complete courses of instruction in vacuum technology, in 
universities or industry, are quite rare. The formation of 
the Committee on Vacuum Techniques, Inc., is discussed 
briefly. It is expected that vacuum processes will be used 
more and more widely in the future. However, it is believed 
that the on-the-job type of training will still remain the 
basic method. It is very unlikely that courses in vacuum 
technology will be offered in the regular university curricula. 
The trend will probably be toward the introduction of such 
courses in university extension systems. 


U.S. Naval Radiological Defense Laboratory, 
San Francisco, California, U.S.A.* 


Sommaire 


ON DISCUTE LA FORMATION TECHNOLOGIQUE du vide aux U.S.A., 
principalement dans les Universités, les Industries employ- 
ant le vide, les Fabricants d’appareils a vide, les Laboratoires 
de Recherches Industrielles, les Installations des Centres 
Atomiques et les Laboratoires Gouvernementaux. La 
méthode la plus répandue est celle d’information théorique 
et pratique, comprenant des travaux faits sur des appar- 
eils a vide sous la direction de techniciens experts, des 
conférences, et des lectures techniques. Des cours com- 
plets sur le vide sont assez rares dans les Universités ou les 
Industries. La formation du Comité des Techniques du 
Vide Inc. est discutée briévement. On prévoit que la 
technique du vide sera de plus en plus employée dans le 
futur. Cependant on pense que la méthode de formation 
citée ci-dessus restera encore la méthode de base. II est 
peu probable que des cours sur les techniques du vide 
deviendront une partie réguliére de l’enseignement uni- 
versitaire. Toutefois il y aura probablement une tendance a 
Vintroduction de tels cours. 


INTRODUCTION 


WIDE-SPREAD APPLICATION of vacuum techniques and 
equipment has proceeded at an accelerated pace 
during the past few years, and particularly since the 
end of World War II. This has resulted, at least in 
part, from the concentrated effort devoted to large 
scale vacuum installations during the War, par- 
ticularly in connection with the development of 
atomic weapons and the greatly increased usage of 
valves. There has also been a wider dissemination of 
knowledge among industrial leaders regarding the 
advantages of vacuum processes as against the 
older established methods. Under these circum- 
stances it appears appropriate to consider the status 
of training personnel in the design, maintenance and 
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operation of vacuum equipment and in the applica- 
tion of various vacuum techniques. In view of the 
fact that the vacuum field is basically a technology, 
one has to look beyond the university to ascertain 
the type of training being received by personnel con- 
cerned with this field. However, since industry in 
general looks to the universities for the basic training 
of its professional technical employees it would be 
well to look first at the status of education in the 
vacuum field in the universities. 


UNIVERSITIES 


Attention here has been directed mainly to the 
more major universities, namely, those offering 
advanced degrees in the sciences and/or engineering. 
Historically, the greatest use of high vacuum equip- 
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ment and techniques in the universities has been in 
the study of physics. In view of the large number of 
nuclear particle accelerators in operation, or being 
planned, this situation has not changed radically in 
the last few years. However, more extensive use of 
high vacuum has occurred in other physical sciences 
(chemistry, metallurgy, etc.) as well as in engineer- 
ing and the biological sciences. 

In general the manner in which students obtain 
a familiarity with vacuum equipment and tech- 
niques is the same as has prevailed for a good many 
years. The student comes first in contact with the 
high vacuum field through general physics courses 
and courses covering the kinetic theory of gases. He 
then obtains some familiarity with actual operation 
of vacuum equipment and with measuring tech- 
niques through some type of laboratory course in 
the physical sciences or in engineering. In some 
cases the experiments in these courses are tied very 
closely to particular lecture courses. In many other 
cases the courses consist of a number of experiments 
covering various parts of the physical science or 
engineering specialty involved. For example, in the 
case of physics, experiments in electricity and 
magnetism, optics, atomic structure, etc., are 
frequently involved. Depending on the particular 
university, these experimental courses may be 
offered for juniors, seniors, or graduate students. 

Where such an experimental course is not offered, 
a student’s first contact with the high vacuum field 
occurs as a graduate student when he begins working 
with more advanced graduate students or with staff 
members. Staff members in academic institutions 
feel that this association with more senior research 
personnel is the best way for students to get a feeling 
for research. Vacuum technology is treated in the 
same way as many other technologies such as the use 
of electron microscopes, glass blowing, and the 
design of optical equipment. In general the student 
learns vacuum technology not through any formal 
courses but rather by working directly with the 
equipment and techniques involved and with more 
experienced research personnel. 

It is manifestly impossible to list all of the uni- 
versity courses which devote some attention specific- 
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ally to vacuum technology. However, it might be 
well to list some such courses offered at various 
universities which have been selected at random, 
together with some idea of the course content as 
pertaining to the vacuum field. 


Massachusetts Institute of Technology, (MIT) 
Cambridge, Mass. 

The Department of Physics offers a course en- 
titled ‘Physical Electronics Laboratory’. This is 
designed for graduate students who anticipate doing 
work in physical electronics. It includes lectures on 
vacuum techniques, pump design and ionisation 
gauge design. The students themselves build ionisa- 
tion gauges of the MIT modification of the Bayard- 
Alpert gauge. 

Another course, entitled ‘Techniques of Experi- 
mental Physics’, which includes some vacuum ex- 
periments is also offered by the Department of 
Physics. This is a one-semester course designed for 
junior students and meets 15 times with about 27 
hours of vacuum-related work out of a total of 78 
hours. The titles of the experiments devoted entirely 
or in part to the vacuum field are :— 

(1) Introduction to Vacuum Techniques. 

(2) Calibration of the Pirani Gauge. 

(3) Measurement of Gas Content of Solids. 

(4) Evaporation of Aluminium, and 

(5) Electrical Discharges in Gases. 

Optional experiments are :— 

The Evacuation, Filling and Testing of Geiger 

Tubes, and 

The Calibration of and Measurement of Pressure 

with Ionisation, Philips, Alphatron and Thermo- 

couple Gauges. 


Columbia University 
New York, N.Y. 

The Department of Physics offers a graduate 
physics teaching laboratory which includes one 
experiment in vacuum technique. This experiment 
involves the measurement of pumping speed by the 
metered-leak method at various points in a vacuum 
system and for various tube geometries. Also in- 
volved is the calibration of a thermo-couple gauge 
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Vacuum in Nuclear Research. I 


by Courtesy of Brookhaven National Laboratory. 


Fig. 1. View of Forepump System and Oil Purifiers for Brookhaven 
Cosmotron Accelerator. Four 300 CFM Kinney pumps, arranged in two 
sets of two pumps each, are located inside the magnet ring at floor level. 
Each set is connected through a 6-inch vacuum line to a group of six 
diffusion pumps. Normally one pump is used to maintain the fore pres- 
sure, while the other is used for roughing. Suitable pressure-operated 
circuits are provided for automatic control of valves and pumps. The 
oil purifier system is arranged so that the mechanical pumps can be 
operated either attached to their respective oil reservoirs or to the purifier 
system. The accelerator chamber can be pumped down to about 10° 
mm. Hg in less than 2 hours. 
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and an ionisation gauge against a McLeod gauge. The 
Chemical Engineering Department carries out a 
number of heat transfer experiments which use 
high vacuum techniques. 


The Rice Institute 
Houston, Texas 

The Department of Physics offers a laboratory 
course for physics seniors which includes an experi- 
ment concerned with high vacuum equipment and 
techniques. The student is taught how to operate 
a vacuum system consisting of a mechanical pump, 
an oil diffusion pump, a thermo-couple gauge and 
an ionisation gauge, and how to use this system to 
evaporate silver on to a mirror. Problems concerning 
such matters as mean free path, theory of operation 
of gauges, cold traps and getters are included. 


Johns Hopkins University 
Baltimore, Md. 

The Department of Physics offers a laboratory 
course for first year graduate and senior students. 
Vacuum techniques are covered in one experiment 
with several sub-sections out of some 25 experiments 
on basic fundamentals of physics. Measurements 
are made of the flow of gases through tubes and 
restrictions of various types. The importance of 
bends and other forms of resistance to the flow of 
gases is stressed. Attention is also given to pumping 
speeds, methods of measuring vacua and the impor- 
tance of diffusion pump fluids. The course is con- 
sidered to present an opportunity to teach students 
how to use the library and literature, to find the 
essential requirements for doing the experiment and 
to understand the real nature of the phenomena. 
Often the experiment is modified for students who 
have particular problems associated with their 
research. 


Cornell University 
Ithica, N.Y. 

The Department of Physics offers an Advanced 
Laboratory Physics course to all junior and senior 
physics majors and to all graduate students in 
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physics. This course includes about 30 experiments 
(of a total of about 100) requiring vacua ranging 
from 10-* to 10-7 mm. Hg in a wide variety of 
systems on pumps of various types and speeds. Four 
experiments are specifically devoted to vacuum tech- 
niques. The aim of this course is to teach the student 
basic physics and how to undertake an experimental 
investigation. 

The Department of Physics also maintains a 
facility where students may learn in their own time 
and under the supervision of a technician the fabri- 
cation of special vacuum tubes, the choice of 
materials and the practical procedures of bake-out 
and other techniques in vacuum work. Several 
vacuum systems are available which attain pressures 
down to 10-" mm. Hg. 


Stanford University 
Stanford, Calif. 

In the Electrical Engineering Department, 
vacuum technology is included in a lecture course 
‘Tube Techniques’ and in a laboratory course, 
“Tube Techniques Laboratory’. These courses are 
concerned with the broad subject that enters into the 
manufacture of high vacuum valves. The lecture 
course includes discussions of high vacuum tech- 
nique covering pumps, gauges and getters, ultra- 
high vacuum techniques, including ion-gettering 
pumps and the use of a field emission microscope as 
a sensitive vacuum gauge. In the laboratory course, 
one experiment included is concerned with the opera- 
tion of a ‘trolley-exhaust station’. The student learns 
about the function of the station, the operation of 
thermo-couple and ionisation gauges and leak hunt- 
ing procedures using an ionisation gauge in conjunc- 
tion with acetone, alcohol and hydrogen. A second 
experiment is concerned with a vacuum-firing 
station. The student learns about the function of 
such a station and outgasses various parts by R.F 
heating. 


Case Institute of Technology 
Cleveland, Ohio 

The Department of Physics offers a two-semester 
course entitled ‘Advanced Laboratory Physics 
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Course’. This is taken by all undergraduate physics 
majors during the senior year. Four experiments, 
involving extensive use of vacuum equipment and 
techniques, are included. One experiment, called 
‘Evaporation of Metal Films’, is concerned with the 
vacuum evaporation of metal films on mirror sur- 
faces. A second experiment, called ‘Vacuum Tech- 
niques’, treats the use of mechanical and diffusion 
pumps together with associated vacuum gauges for 
measuring pumping speed, particularly for cylin- 
drical tubes. The calibration of a thermo-couple 
gauge against a McLeod gauge is also carried out. 
The remaining two experiments are concerned with 
beta-ray spectra and Geiger-Mueller tubes. 


Polytechnic Institute of Brooklyn 
Brooklyn, N.Y. 

The Electrical Engineering Department offers an 
undergraduate course, ‘Technology of Vacuum 
Tube Construction’, which includes about three out 
of 15 two-hour lectures on vacuum systems. In 
these lectures fore pumps, diffusion pumps, leak 
detection and simple systems calculations are dis- 
cussed briefly in connection with valve development 
work. 

This department also has under consideration a 
laboratory course in vacuum valve technology. This 
course would include seminars on vacuum tech- 
nology, as applied to experimental vacuum valve 
work, followed by actual laboratory experiments on 
setting up a vacuum system, determining speed of 
evacuation and leak detection. The course is planned 
initially as a one-semester course of 15 sessions, each 
session having one hour of lecture or seminar, 
followed by three hours of laboratory work. How- 
ever, to date, the actual course outline has not been 
determined. 


California Institute of Technology 
Pasadena, Calif. 

In the Electrical Engineering Department one 
course in Electronics includes some lectures on 
vacuum pumps in connection with the study of gas- 
filled and vacuum electronic valves. These lectures 
are quite impromptu, without benefit of notes or 
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references. The Department of Physics has been 
formulating a course concerned with the techniques 
of a modern physics laboratory. It is planned to 
include a set of experiments in vacuum techniques 
which will take some small fraction of course time, 
say, 10 to 15 hours total. 


Syracuse University 
Syracuse, N.Y. 

In the Department of Physics, two courses are 
offered which contain a fair amount of material per- 
taining to vacuum technology. The first of these 
courses is at the graduate level and is a theoretical 
course. It includes discussions of kinetic theory, 
gas flow, gauges and miscellaneous material, includ- 
ing getters and leak detection. The second course is 
a laboratory course required of all physics majors in 
the senior year and of some graduate physics 
students. It also may be elected by engineers and 
chemists. About 70°% of the experiments consist of 
vacuum projects. These include calibration of 
vacuum gauges, measurements of pump speed, 
evaporation of metals, sputtering of metals, hydrogen 
and vacuum firing, cleaning of parts and making 
vacuum-tight glass and glass-to-metal seals. 


Comments on University Facilities 


Undergraduate Work. It must be emphasised that 
the lectures and experiments concerning vacuum 
technology are included as part of a training in 
experimental techniques needed for work in the 
scientific or engineering field involved. No attempt 
is made in these courses to treat vacuum technology 
as a separate subject. The above list of courses has 
been chosen fairly much at random and probably 
is representative of the type of formal education 
available at the upper division and early graduate 
levels. Of course, there are various other laboratory 
courses in university curricula which have experi- 
ments involving vacuum techniques to one degree 
or another. Also various lecture courses involve 
material touching on vacuum practice. The above 
courses occur throughout the physical sciences, 
biological sciences and engineering curricula. 

Graduate Work. With regard to the training of 
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Vacuum in Nuclear Research. II 


by Courtesy of Radiation Laboratory, 


Fig. 2. View of Pump Room for Bevatron Accelerator. 
Seven 300 CFM Kinney pumps are used and these are located 
outside the Bevatron magnet ring at floor level. They are 
connected to booster pumps by a 16-inch diameter pumping 
line. An oil purifier system is used and five additional 105 
CFM Kinney pumps are provided for auxiliary purposes. 


University of Califorma. 
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Vacuum in Nuclear Research. III 


by Courtesy of Radiation Laboratory, 

University of California. 
Fig. 3. View of Diffusion Pump Section of Vacuum System for Bevatron 
Accelerator. The accelerator chamber has a volume of about 12,000 cu. ft. 
and is pumped by four pumping stations, each located below floor level at one 
of the straight sections of the magnet ring. Each station consists of six 32-inch 
4-stage oil diffusion pumps backed by 8-inch 2-stage booster pumps. The 
nominal pumping speeds of each 32-inch pump are 16,000 litres per second when 
unbafled, and 10,000 litres per second when baffled. The baffles are cooled 
to about —20°C by Freon refrigerating systems. Liquid nitrogen thimbles 

are available for use on an intermittent basis as circumstances prescribe. 
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graduate students, this is basically a type of on-the- 
job training. Reliance is placed on familiarity with 
equipment through use, acquaintanceship with the 
literature, and learning by observation through 
working with more experienced research personnel. 
The degree of training received varies considerably 
from university to university. In some cases graduate 
students in their first year are immediately assigned 
to research groups although not necessarily doing 
their own research projects. In other cases students 
may spend the first two years of graduate study taking 
nothing but courses. A further consideration is the 
fact that the amount of experience the student gains 
with regard to vacuum equipment and practice 
depends closely on the nature of his thesis subject. 
The value of this type of training is very high, par- 
ticularly in view of the end aim which is basically 
the training of individuals qualified to do research. 
It should be pointed out that in the cases of some 
of the larger universities where extensive projects 
(usually government-financed) are under way, the 
trend has been to use personnel experienced in the 
vacuum field to handle vacuum problems. Conse- 
quently, the tendency has been for many graduate 
students to obtain only a meagre practical acquain- 
tanceship with vacuum equipment design and 
vacuum techniques. Prior to World War II, most 
graduate students doing research work involving 
vacuum equipment would not only learn a lot about 
vacuum practice by working with the equipment 
but also, in many cases, would actually build the 
equipment. At the present time there is more of a 
tendency to procure commercial equipment. 
University Extension Systems. There is one aspect 
of training received at universities which should 
be mentioned because of its possible future im- 
portance. This is the case where universities 
have offered courses specifically in the field of 
vacuum technology either as part of the regular 
curriculum or through the university extension 
system. Such cases are quite rare and have occurred 
only in geographical areas where there is a con- 
centrated industrial technical complex or where 
there are requirements within the university, such 
as arise from building very high energy accelerators. 
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In general, such cases have arisen through the 
interests of individual staff members at universities, 
vacuum processors and manufacturers of vacuum 
equipment, and through the encouragement of 
various types of professional societies. 

Specific cases of which I am aware at the present 
time are the following. 

Boston University initiated a course in 1954 en- 
titled, ‘High Vacuum Techniques’. This is strictly 
a lecture course given by a regular university 
instructor, together with special lecturers, and is 
offered in the evening. It is a two-semester course 
involving lecture periods of two hours per week. 
It is offered for graduate credit and includes students 
from the university itself and from neighbouring 
institutions. It might be worthwhile indicating the 
principal topics which are discussed in the course. 
These are :— 

Historical review, kinetic theory, principles of 

mechanical and diffusion pumps, baffles and traps, 

measurement of pressures, properties of materials, 
sealing techniques, leak detection, latest develop- 
ments and equipment. 

The Polytechnic Institute of Brooklyn had planned 
to offer a course on vacuum techniques and equip- 
ment during the Fall of 1955. This was to be a 
lecture course patterned around a course presented 
several years ago by Westinghouse Research Labora- 
tories of Bloomfield, N.J. It was planned for 
graduate credit in physics. The Westinghouse 
course mentioned is discussed in some detail in the 
section of this article devoted to industrial research 
laboratories. To date the Polytechnic Institute 
course has not materialised. 

In some cases universities have offered courses in 
the vacuum field on an intermittent basis. 

The University of California at Berkeley, for 
example, offered a course in the Mechanical En- 
gineering Department entitled, ‘Vacuum Systems 
Design’ during the Spring of 1953. This was part 
of the regular curriculum. It was a lecture course 
designed primarily for engineers and, generally 
speaking, followed the pattern of the vacuum texts 
now on the market. It might be well to indicate the 
principal topics covered in the course. These are :— 
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(1) Kinetic Theory of Gases—the gas laws, mean 
free path, viscosity, heat conductivity, diffus- 
ion, free molecule concepts. 

(2) Flow of Gases—flow regions, flow equa- 
tions, flow conductances, thermal trans- 
piration. 

Production of Vacuum—rotary oil-sealed 
mechanical pumps, evacuation rate, diffu- 
sion pumps, oil migration, cold traps, 
measurement of pumping speeds, ejector 
pumps, chemical and electrical clean-up of 
gases. 

Measurement of Vacuum Conditions—hydro- 
static gauges, radiometer type gauges, viscosity 
type gauges, thermal conductivity gauges, 
ionisation gauges, other pressure instrumen- 
tation. 

(5) Vacuum Vessel Construction—structural 
design, construction materials, fabrication 
techniques. 

(6) Vacuum Seals—fixed seals, moveable seals, 
sealed lead-ins, vacuum valves. 

(7) Leak Detection—time constants for vacuum 
systems, leak detection techniques, leak 
hunting procedure, system design con- 
siderations. 

Recently, various staff members at the University 
considered offering such a course again. In general, 
however, such courses devoted specifically to the 
vacuum field are quite rare in the universities of the 
U.S.A. 


‘CONSUMER’ INDUSTRY 


Historically, the principal users of vacuum equip- 
ment for production purposes have been the lamp 
and electron-tube manufacturers. This is still the 
case although in recent years more manufacturing 
concerns have turned to vacuum processes. This is 
particularly true of the pharmaceutical, food and 
metal processing industries. Perhaps the principal 
processes which have come into industrial use are :— 

Vacuum metallurgy, quick freeze-drying, vacuum 

plating and vacuum distillation. 

One other industry which has increased in size 


considerably during the past few years, should also 
be mentioned, 7.e. the industry concerned with: 

The manufacture of scientific equipment incor- 

porating vacuum components such as x-ray 

equipment and nuclear accelerators. 

In looking at the status of vacuum training in these 
industries, there are several factors which must be 
kept in mind. The primary concern of these indus- 
tries is to manufacture the best possible products in 
the most economical manner. Consequently, the 
equipment and techniques used must be of a com- 
mercial nature and standardised as much as possible 
so that relatively unskilled personnel can be used 
for operation and maintenance. With the exception 
of the electron-tube and scientific equipment 
manufacturers, vacuum engineering plays a small 
part in these industries. 

Thus, the equipment is designed and installed by 
vacuum equipment manufacturers, and detailed 
operating and maintenance instructions are pro- 
vided. The basic training provided for employees 
in such industries is of the on-the-job variety. This 
means primarily learning to follow the operating 
and maintenance procedures. There appears to be 
little need for formal training courses, offered either 
by universities or within the individual companies. 


Valve and Scientific Apparatus Manufacture 


The situation is somewhat different in the case of 
electron-valve and scientific equipment manufac- 
turers. Here there is a need for a somewhat greater 
knowledge of vacuum technology on the part of 
employees due to the nature of the equipment 
and techniques involved. Consequently, a demand 
for more formal training has arisen in recent years. 
This has been satisfied, in part, by individual 
companies offering special lectures and instruc- 
tions. In the case of large manufacturers of elec- 
tron-valves, this practice can be followed fairly 
readily because of the availability of personnel 
experienced in vacuum technology. Also, most of 
these large companies have their own research 
laboratories where experienced personnel are avail- 
able. The degree to which this practice is followed 
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is a function of the nature of the products manu- 
factured. 

For example, in the case of a manufacturer of 
nuclear accelerators, incoming personnel serve an 
apprenticeship lasting approximately three months 
in which they learn about the fundamentals of gas 
flow and the elements of vacuum systems. Written 
material is made available to the ‘learner’. This 
particular manufacturer, however, may not be 
entirely typical of the manufacturers of special 
equipment involving vacuum equipment. Special 
problems will arise in the individual companies, 
depending on the nature of the products. However, 
the training methods found to be reasonably satis- 
factory by this company are probably fairly repre- 
sentative of the methods used by special equipment 
manufacturers in general, except as they are geared 
to the particular products of this company. 

The written material used during the apprentice- 
ship period covers such matters as :— 

Pressures, forepumps, Geissler tubes, fore- 

traps and flasks, diffusion pumps, dry ice traps, 

thermo-couple gauges, ion gauges, pumping 
lines, valves, Wilson seals, McLeod gauges, 
rates of leak in a vacuum system, pumping 
speeds, vapour pressures of selected materials 
and virtual leaks. 
A number of quite practical matters are included, 
such as :— 
Starting a tight vacuum system, shutting down a 
vacuum system, out-gassing of glass and metals, 
cleaning of components to go into a vacuum sys- 
tem, starting a new vacuum system, cleaning 
traps, leak chasing, and construction of vacuum 
plumbing and diffusion pumps. 
Naturally, the material is presented as applying to 
the company’s products. Great stress is placed on 
cleanliness of vacuum components and this forms 
an important part of technicians’ training. 

The greatest demand for a more formal course in 
vacuum technology as offered by universities has 
arisen from the smaller electronic-valve manu- 
facturers (say up to a few hundred employees) and 
from the scientific equipment manufacturers. For 
example, surveys made in the Boston area and the 


San Francisco area, where there are fairly heavy 
concentrations of such manufacturing companies, 
indicate that practically all of these companies would 
be interested in having their employees (as required) 
attend a university extension course in vacuum 
technology. The companies contacted indicated 
that they would contribute all or part of the tuition 
fees involved. The types of personnel who would 
attend such courses would be primarily technicians 
and engineers. Also, many of these companies have 
indicated that they are mainly interested in a fairly 
practical type of course, covering such matters as 
materials of construction, designing vacuum sys- 
tems, leak hunting, calibration of gauges, etc. 


VACUUM PLANT MANUFACTURE 


The problems faced by this industry in connec- 
tion with the training of personnel in vacuum tech- 
nology are somewhat different from those of indus- 
tries making use of vacuum processes. In particular, 
the matter of proposed design of vacuum equip- 
ment is clearly very important. In this sense these 
manufacturers face problems somewhat akin to 
large laboratories involved in the use of substantial 
amounts of vacuum equipment such as in the case of 
high energy nuclear accelerators. Briefly, these 
manufacturers must make use of vacuum engineers, 
as well as technicians and laboratory assistants 
trained in vacuum practices. 

The training methods used by two of the major 
manufacturers of vacuum equipment will be dis- 
cussed briefly since these are probably fairly repre- 
sentative of practices in this industry. Strong 
emphasis is placed on on-the-job training since it is 
felt that every-day preoccupation with vacuum in 
the laboratory as well as in engineering and fabrica- 
tion makes it a relatively simple matter to convey 
information of a practical nature by this means. 

In the case of the first company, rotation of 
laboratory assistants and technicians is stressed in 
order to give them the benefit of working under 
people whose tasks are more or less concentrated 
in various aspects of the vacuum field. Also, at one 
time a group was organised which was run by the 
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Vacuum in Electronics 


by Courtesy of National Research Corporation. 


Fig. 4. Trolley System for Evacuation and Sealing of Television Tubes. 
This system is used for 21-inch all-glass television tubes. It is of the rotary 
type with individual pumping stations, using a continuous traverse rather than 
indexing. Each station, consisting of mechanical and metal oil diffusion pumps, 
has a rated speed of 60 litres per sec. and a blank-off pressure of 2 x 10°? mm. Hg. 
The tubes are ordinarily sealed off at 10° mm. Hg and the exhaust time is 40 to 50 
minutes. There is an oven above the carousel for baking the tubes during the 


cycle. 
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senior professional people in the organisation. This 
group sponsored lectures given to any and all 
members of the organisation who cared to attend. 
The following topics were covered :— 

Design of gasket joints, theory of operation of 

diffusion pumps, theory of operation of the 

ionisation gauge, gas flow at low pressures, 
vacuum melting, vacuum dehydration, and 
distillation techniques. 
Also, lectures have been given on the various aspects 
of the maintenance of vacuum equipment. Such 
lectures were found to be quite valuable, in par- 
ticular, where followed by question and answer 
periods and informal sessions. 

In the case of the second company, much the 
same procedure as is outlined above is followed. 
However, somewhat more formal courses are offered 
by staff members of the organisation. This company 
offers two courses, 

(a) For new sales and engineering personnel, 
which stresses techniques and applications, 
and 

(6) For field service personnel, which stresses 
operation and maintenance of vacuum equip- 
ment. 

Each course centres around a separate training 
manual supplied to each student, with lectures and 
demonstrations given by qualified instructors. Of 
course, considerable attention is given to the com- 
pany’s own products. The basic sales training 
course consists of 30 hours a week for two consecu- 
tive weeks of lectures, demonstrations and quizzes 
followed by special training in which the employee 
works with instructors for short periods in the 
laboratory or in the Development Department. The 
service training course consists of several short 
sessions of about three days of lectures, demonstra- 
tions and practice in servicing equipment at 
intervals of several months. 

Perhaps it would be advisable to discuss briefly 
some of the topics covered in the courses just men- 
tioned. This particular company probably has a 
more extensive training programme than other 
vacuum equipment manufacturers. This fact must 
be kept in mind in looking at the material following. 


In both the service and sales courses the subjects 
covered are much the same. However, the sales 
course is of a somewhat general nature while the 
service course concentrates more on engineering 
detail and operational procedures. Naturally, con- 
siderable attention is devoted to the company’s own 
products and to other products which it handles. 
The principal topics are :— 

The development of high vacuum techniques, 
the design of high vacuum systems, coating 
units, stills, vacuum metallurgy and vacuum 
furnaces, oil ejector pumps, oil diffusion pumps, 
mercury diffusion pumps, mechanical pumps, 
gauges, valves and baffles, fluids, greases and 
sealants, glass pumps and apparatus, and ac- 
cessories. 

To one degree or another the practices outlined 
above are fairly typical of the large vacuum equip- 
ment manufacturers. Most of these companies also 
make use of research seminars and circulate journals 
and reports pertaining to the vacuum field among the 
employees. 

Another common policy which appears to be 
followed by almost all of these companies is to 
encourage employees to further their education by 
attending university extension courses and evening 
school. The companies support all or part of the 
tuition fees involved. The latter courses do not 
necessarily pertain only to the field of vacuum 
technology. 


RESEARCH ESTABLISHMENTS 


Industrial 


We will now discuss the facilities available at 
industrial research laboratories and include in this 
term various laboratories operated by manufacturing 
concerns as well as non-profit research organi- 
sations such as the Battelle Memorial Institute of 
Columbus, Ohio, or the Mellon Institute of Pitts- 
burgh, Pennsylvania. In the case of laboratories 
associated with manufacturing companies, the need 
for vacuum training varies considerably from one 
laboratory to another depending on the products 
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Vacuum in Metallurgy 


by Courtesy of National Research Corporation. 


Fig. 5. Vacuum Melting Furnace. This is a 700 kW, 960 c./s. induction- 
type furnace with a tilting crucible inside a 14-foot cylindrical, liquid-cooled, 
stainless-steel furnace chamber. A high-capacity pumping system maintains the 
pressure in the micron Hg range. The crucible is charged through an air lock. The 
mold chamber will handle a single one-ton ingot mold or a multiple of smaller 
ingot molds. This chamber and the air lock have their own pumping systems. 
Charging, melting, pouring and handling of ingots is remotely controlled. 
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involved. Where there is considerable concern with 
the use of vacuum equipment the principal means of 
training employees is through on-the-job teaching. 
Great reliance is placed on employees learning by 
working with more experienced personnel. How- 
ever, a number of these laboratories have evidenced 
considerable interest in more formal courses of 
instruction. Again the degree of interest has been 
influenced strongly by the complexity of the vacuum 
equipment involved. 

In general, industrial laboratories associated with 
the electron-valve manufacturing industries have 
shown the greatest interest in such courses. The 
degree of this interest can be indicated by the fact 
that, several years ago, Westinghouse Research 
Laboratories of Bloomfield, N.J., set up a special 
course in vacuum technology. This was a lecture 
course offered by senior staff members of the 
Westinghouse Research Laboratories and visiting 
lecturers, and was offered for graduate credit to 
students from the Polytechnic Institute of Brooklyn. 
The principal topics covered can be summarised 
somewhat as follows: 

(1) Introduction to Kinetic Theory. 

(2) Historical Review and Principles of Mech- 

anical Pumps. 

(3) The Kinetics of Pumping Systems (Calcu- 
lation of Pressure Differentials and Speed 
as Functions of Geometry). 

(4) Diffusion Pumps, Baffles and Traps. 

(5) Methods of Measuring Pressures in 
Vacuum. 

(6) Theory of Vapour Pressures: Adsorption, 
Diffusion, Solution of Gases in Metals. 

(7) Properties of Materials Used in High 
Vacuum. 

(8) Ceramics and Glass as Vacuum Materials. 

(9) Glass-to-Metal Seals: Theory and Practice. 

(10) Vacuum-Tight Brazing and Welding. 

(11) Properties of Getters. 

(12) Detection of Leaks: 

a. Special Methods of Detecting Leaks. 

b. Mass Spectrometer as a Leak Detector. 
(13) Electron Emissive Surfaces. 
(14) Recent Advances in the Study of Surfaces 
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Used in Vacuum. 

(15) Conduction of Electricity in Gases. 

(16) Electrical Insulation in Vacuo. 

(17) Manufacture of Electron Tubes and General 
Application of Vacuum Methods. 

(18) Special Vacuum Techniques. 

(19) Recent Advances in the Application of 
Vacuum Techniques. 

The course met with favourable response and 
was partly responsible for attempts being made to 
establish a high vacuum course at the Polytechnic 
Institute of Brooklyn. However, in spite of the 
favourable response at the time, such a course has 
not been offered in recent years, either by the 
Polytechnic Institute of Brooklyn or by Westing- 
house Research Laboratories. As a general state- 
ment, I believe it can be safely said that the degree 
of interest in formal courses of instruction in 
vacuum technology is a function of how closely 
related the industrial laboratory is to the manu- 
facturing end of the company concerned. The 
training in those laboratories devoting particular 
attention to more fundamental research follows 
somewhat the pattern of training initially received 
by graduate students at universities. 

With regard to the non-profit type of industrial 
laboratory, the pattern is much the following. 
Training is carried out largely through on-the-job 
association with more experienced personnel. In 
general, the use of vacuum equipment and techni- 
ques is confined to research projects or pilot-plant 
operations. The interest in formal courses of in- 
struction is not as great as in the case of some 
industries making use of vacuum processes. 


Governmental 


Atomic Energy Commission (AEC) Installations. 
The Atomic Energy Commission contracts with 
commercial firms and universities for the operation 
of various laboratories and processing plants 
involving considerable use of vacuum equipment 
and techniques. The types of vacuum training 
offered or required depend on the types of pro- 
grammes being carried out and on the nature of the 
organisation. A substantial part of the work 
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sponsored at universities is of a research nature, 
particularly in nuclear physics. The use or design 
and construction of high energy particle accelerators 
is an important aspect of much of this research. 
Substantial amounts of vacuum equipment are 
involved in such accelerators as well as in associated 
equipments. Much of this research is carried out in 
university facilities by staff members, together with 
graduate students. In general, the type of training 
available to personnel in the projects is the same 
as that available in the contracting university itself, 
viz, selected experiments in laboratory courses, 
lecture courses in physics and engineering, work- 
ing with vacuum equipment with more experienced 
personnel, and the use of reference books and 
technical journals. 

In some cases the size of installation operated by 
the university may modify the vacuum training 
procedures to some extent. In particular, a fairly 
large number of vacuum technicians and engineers 
must be employed in connection with the design, 
operation and modification of very high energy 
accelerators together with auxiliary equipment. 
These personnel may not have too close connections 
with the university proper. They obtain their train- 
ing in the vacuum field largely through working with 
more experienced personnel, in many cases not 
university staff members. In recent years some 
organisations have felt that, although this method of 
training has worked quite satisfactorily, perhaps it 
could be augmented by a somewhat more formal 
training procedure. For example, the Radiation 
Laboratory, University of California, Berkeley, 
Calif., is involved heavily in this particular area. 
Several years ago it was deemed advisable to offer a 
series of lectures on nuclear physics designed for 
engineers. These lectures were offered by senior 
members of the staff and devoted some attention to 
high vacuum equipment and techniques. The Radia- 
tion Laboratory has indicated considerable interest 
in having the University offer courses covering 
vacuum equipment and techniques, with extension 
types of courses being most desirable. 

The national laboratories operated for the AEC by 
commercial firms or universities are large users of 
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vacuum equipment and techniques and in general 
are not closely tied to any one individual university. 
The laboratories in question are:— 

Brookhaven National Laboratory, Upton, N.Y., 

Argonne National Laboratory, Lemont, IIL, 

and Oak Ridge National Laboratory, Oak Ridge, 

Tenn. 

In general, these laboratories have vacuum problems 
very similar to those encountered at the Berkeley 
Radiation Laboratory. Although there are differ- 
ences in the types of equipment involved, the 
pressure range of interest extends down to as low 
as 10-7 mm. Hg, or lower, in all cases. Con- 
sequently, the engineers and technicians must be 
trained to cover vacuum equipment and techniques 
at these low pressures. The training practices are 
quite comparable to those in use at the Berkeley 
Radiation Laboratory. Because of the somewhat 
physical isolation of these laboratories from uni- 
versities, not too much consideration has been given 
to university courses, regular or extension. 

In general, the amount of vacuum equipment 
involved at laboratories operated by commercial 
contractors (except for Oak Ridge National Labora- 
tory) is substantially less than in the organisations 
discussed above. A large amount of commercial 
equipment incorporating vacuum components is 
used, including spectrometers, accelerators, x-ray 
equipment, electron microscopes, etc. Conse- 
quently, the types of training used are much the same 
as in the case of industrial laboratories, particularly 
the larger-sized ones. The same situation prevails 
in the cases of processing plants operated by 
commercial contractors where most of the vacuum 
problems occur in the associated laboratory and 
testing facilities. 

Two rather large laboratories operated for the 
AEC should also be mentioned. These are:— 

Los Alamos Scientific Laboratory (LASL) in 

New Mexico, and the Livermore Radiation 

Laboratory, Livermore, Calif., both operated 

by the University of California. 

The vacuum problems and equipment encountered 
are much the same as in the case of the national 
laboratories or the Berkeley Radiation Laboratory. 
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Essentially the same type of training is involved. In 
the case of the Los Alamos Scientific Laboratory 
the remote location has resulted in little considera- 
tion being given to university extension courses. 
However, in the case of the Livermore Radiation 
Laboratory, there is close contact with the Univer- 
sity of California and particularly with the Berkeley 
Radiation Laboratory. Considerable interest has 
been expressed in university extension courses and 
there is some possibility that such courses will be 
established in the near future. 

Various Laboratories. We are concerned here with 
laboratories operated directly by agencies of the 
U.S. Government as distinct from laboratories 
operated under contract with universities or com- 
mercial concerns, such as in the case of the Atomic 
Energy Commission. The principal agencies in- 
volved, from the viewpoint of vacuum technology, 
are the Department of Commerce, the Department 
of Defense, and the National Advisory Committee 
for Aeronautics. The more important types of 
vacuum equipment used in the various installations 
operated by these agencies include nuclear accelera- 
tors, vacuum furnaces, and supersonic wind tunnels. 
Also, the usual smaller items of vacuum equipment, 
such as electron microscopes, leak detectors, 
vacuum evaporators, etc., are to be found in many 
of the laboratories operated by these agencies. 
However, in spite of the wide range of vacuum 
conditions represented throughout the numerous 
laboratories, the nature of the training in vacuum 
technology follows much the same pattern. 

This pattern is basically the same as for the 
industrial research laboratories with differences 
between laboratories arising from the types of pro- 
grammes being carried out. Prime emphasis is on 
on-the-job training, making use of informal con- 
ferences and reference to texts and technical journals, 
as needed. Much of the vacuum equipment used is 
of a commercial nature so that instructions of the 
manufacturers are of considerable value. Because of 
this extensive use of commercial equipment, the need 
for vacuum engineers is not widespread. In those 
laboratories where vacuum engineering is involved 
extensively, such as the Naval Research Laboratory, 


Washington, D.C., experienced personnel are 
available who obtained their education through 
courses and research work at universities. 


PROFESSIONAL ORGANISATIONS 


The Committee on Vacuum Techniques, (CVT) 
Inc. 


The increasing interest in the use of high vacuum 
equipment and techniques is evidenced by the 
formation of a committee devoting its time to this 
field. The Committee on Vacuum Techniques, 
Inc., was organised in June 1953 as a non-profit 
organisation incorporated in the State of Massa- 
chusetts. The founding members were primarily 
members of vacuum equipment manufacturing 
concerns or companies making substantial use of 
vacuum processes. Perhaps the principal activity 
of this Committee has been in connection with the 
sponsoring of Symposia devoted to vacuum tech- 
nology. The first of these Symposia was held in 
Asbury Park, New Jersey in June, 1954 and the 
second in Pittsburgh, Pennsylvania in September, 
1955. In each case the transactions of the Sympo- 
sium have been published. A third Symposium was 
sponsored by this organisation in October, 1956 in 
Chicago, Illinois. These Symposia have been 
considered by the Committee to be a form of educa- 
tion in the vacuum field. The types of papers 
presented have covered fundamental developments 
in vacuum technology, vacuum equipment, and 
vacuum processes. This has been a means of ac- 
quainting people interested in vacuum technology 
with some of the more recent developments. The 
transactions have been made available to the libraries 
of most universities throughout the U.S.A. 

The basic aims of the Committee can be sum- 
marised as follows :— 

‘The objects of the corporation shall be to unite 

those engaged in the use, development, instruc- 

tion, and research in the art of vacuum technology 
to foster and promote study, education, and 
research on the subject of high vacuum use and 
application; to disseminate knowledge in the art 
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of vacuum technology through symposia, publi- 
cation and other media; and to solicit, receive, 
and distribute funds for these purposes.’ 

The specific activities of the CVT in the educa- 
tional field are concentrated in a sub-committee 
concerned with this subject. This sub-committee 
to date has largely been concerned with ascertaining 
the interest of various industrial concerns in univer- 
sity extension courses in vacuum technology. 
Associated with this activity has been ascertaining 
the interest of universities in the same subject. 
As a result of the work of the Committee in this field 
during the years 1953-56 it was definitely learned 
that there is sufficient interest in industrial areas, 
where there is a fairly heavy concentration of 
technical companies, to support university extension 
courses. The course in vacuum technology initiated 
at Boston University during the Fall of 1954 was 
due in large part to the efforts of members of the 
CVT. Consideration is now being given to such 
courses in the San Francisco Bay Area. Courses are 
planned for the Peninsula Area near San Francisco 
because of the heavy concentration of electron-valve 
manufacturers. A course in Berkeley would cover 
both manufacturing concerns in the immediate area 
as well as employees of the Berkeley Radiation 
Laboratory, University of California. A course 
considered for the Livermore Area of California 
would be intended primarily for the employees of 
Livermore Radiation Laboratory; however, even 
here there is already some interest on the part of 
existing manufacturing concerns. 

As part of its educational activities the CVT has 
also tried to ascertain the interest concerning new 
written material on vacuum technology. A large 
number of the individuals contacted in various 
industries seemed to feel that material organised 
more along the lines of a Handbook mainly intended 
for technicians and engineers is the primary 
requirement. 

With regard to education through the dissemina- 
tion of technical information in the field of vacuum 
technology, the Committee has considered the 
desirability of associating with some existing pro- 
fessional society such as the American Institute of 
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Physics. In general, the members of the Committee 
have felt this to be undesirable in view of the fact 
that vacuum technology involves so many scientific 
disciplines such as physics, mechanics, engineering, 
metallurgy and electronics. Consideration has also 
been given to the establishment of a journal for 
keeping people interested in vacuum technology 
up to date on new developments. It was generally 
felt that, at least for the present, the technical 
journal ‘Vacuum’ published in England, together 
with the German publication ‘Vakuum Technik’ 
and the French publication ‘LeVide’ seem to cover 
the field fairly adequately. Of course, articles in 
numerous technical journals contain material per- 
taining to the field of vacuum technology. 


REFERENCE LITERATURE 


In the types of training discussed above, consider- 
able reliance is placed on the use of written material. 
This is true of both industry and universities. In 
many cases, special lecture notes and laboratory 
instructions are used. However, our concern here 
is with published material which is commonly used 
in learning the art of vacuum technology. Through- 
out most of the organisations in the U.S.A. concer- 
ned with vacuum technique the reference material 
shown in Tables I and II is most commonly used. 

Of course, these two lists of reference texts and 
journals are in no way complete. In general, the 
selection has been made on the basis of frequency 
of use by individuals concerned with vacuum 
technology. In the case of the technical journals, 
some of these may presently have few articles devoted 
to vacuum equipment and techniques. They have 
been included because of important articles pub- 
lished in previous years to which reference is often 
made. Also, the majority of journals mentioned 
are associated with professional societies. To the 
above reference material must be added the publi- 
cations of Symposia sponsored by various organi- 
sations and which include considerable material 
related to the vacuum field. The Symposia spon- 
sored by the Committee on Vacuum Techniques, 
Inc., specifically fall within this category. Also, 
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Table I. Textbooks of Interest to the Vacuum Student 


Title Publisher 


McGraw-Hill Book Co. Inc., New York, 1934 
McGraw-Hill Book Co. Inc., New York, 1938 
Prentice-Hall Inc., New York, 1939 
Cambridge University Press, London, 1940 
D. Van Nostrand Co. Inc., New York, 1947 
John Wiley & Sons, Inc., New York, 1949 


Kinetic Theory of Gases 

Kinetic Theory of Gases 
Procedures in Experimental Physics 
Kinetic Theory of Gases 

High Vacua 

Scientific Foundations of Vacuum 


Swami Jnanananda 


S. Dushman 
Technique 
A. Guthrie and 
R. K. Wakerling 
J. Yarwood 


Vacuum Equipment and Techniques 


High Vacuum Technique 


3rd Ed. 


McGraw-Hill Book Co. Inc., New York, 1949 


John Wiley & Sons, Inc., New York, 1955, 


Table II. Journals of Interest to the Vacuum Student 


Title 


Publisher 


Country 


Review of Scientific Instruments 
Journal of Scientific Instruments 


Journal of Applied Physics 
British Journal of Applied Physics 
Physica 

Canadian Journal of Physics 
Annalen der Physik 

Physical Review 

Proc. of Physical Society 

Journal of the Franklin Institute 


Journal of Chemical Physics 

Industrial Engineering Chemistry 
Chemical & Engineering News 

Analytical Chemistry 

Journal of the American Chemical Society 
Journal of the Electrochemical Society 


Journal of the Optical Society of America 
Nature 


Vacuum 


Le Vide 


Vakuum Technik 


American Institute of Physics 
Institute of Physics, Lond. 


American Institute of Physics 
Institute of Physics, Lond. 

Martinus Nijhoff 

National Research Council 

Johann & Ambrosius Barth 

American Institute of Physics 

The Physical Society 

The Franklin Institute of Pennsylvania 


American Institute of Physics 
American Chemical Society 
American Chemical Society 
American Chemical Society 
American Chemical Society 
The Electrochemical Society 


American Institute of Physics 
Macmillan & Co. Ltd. 


Edwards High Vacuum Ltd. 

Sociéte Frangaise des Ingénieurs et 
Techniciens du Vide 

Rudolf A. Lang Verlag 


United States 
United Kingdom 


United States 
United Kingdom 
Holland 

Canada 
Germany 
United States 
United Kingdom 
United States 


United States 
United States 
United States 
United States 
United States 
United States 


United States 
United Kingdom 


United Kingdom 
France 


Germany 


Author 
L. B. Loeb 
E. H. Kennard 
J. D. Strong 
J. H. Jeans 
5 
1° 
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written material prepared by manufacturers of 
vacuum equipment constitute another source of 
reference material. Finally, there are a number of 
industrial or trade journals which are used to a 
considerable extent by industries using vacuum 
processes. Included here are such journals as Iron 
Age, Steel, Metals Technology, Instruments and 
Automation. 


CONCLUSIONS 


In reviewing the above material, it is clear that 
the most generally used training method in the 
U.S.A. in vacuum technology is of the on-the-job 
variety. The detailed nature of this training will 
vary considerably from one organisation to another, 
depending on the respective activities and the type 
of personnel. This on-the-job training generally 
consists of working directly with vacuum equipment, 
with more experienced personnel, and discussing 
vacuum problems in informal conferences. In 
some organisations, special lectures with or without 
written material, are presented by senior staff 
members for the benefit of incoming employees. 
This is particularly true of vacuum equipment 
manufacturers, larger research laboratories and 
special equipment manufacturers. These same 
types of organisations, together with the smaller 
electron-valve manufacturers (up to several hundred 
employees), often practice the policy of encouraging 
employees to attend university extension courses 
and night school to learn more about vacuum 
technology. All or part of the tuition is paid for by 
the company. All users of vacuum equipment and 
techniques make use, to one degree or another, of 
written material, including reference texts, technical 
and trade journals and vacuum Symposia transac- 
tions. 

In the universities, on-the-job training still plays 
an important part with regard to vacuum technology. 
Such training occurs primarily in the graduate 
schools of science and engineering where the student 
learns about vacuum practice through his research. 
The availability of experienced staff members is an 
important factor. Formal training in the vacuum 
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field is minimal throughout the universities of the 
U.S.A. Generally this consists of a few selected 
lectures or experiments on the subject in the upper 
division or graduate school curriculum. Vacuum 
technology is treated as one of several technologies 
involved in carrying out research. Complete courses 
in the field, offered routinely as part of the regular 
curriculum, are essentially non-existent in United 
States universities. In some cases complete courses 
are offered as the need arises. In recent years there 
has been a greater demand on the part of certain 
industries for university extension courses in vacuum 
technology. A start has been made by some 
universities in offering such courses. 

With the somewhat limited formal training 
opportunities available one might wonder how an 
individual deeply interested in vacuum technology 
can acquire a thorough understanding of the subject. 
To become versed in the art of vacuum techniques 
requires that the individual does a considerable 
amount of hard study on his own, making use of 
available texts and technical journals and working 
with a wide assortment of equipment. Of course, 
working under a leader in the field, either in a 
research laboratory or in an industrial plant making 
vacuum equipment, is a distinct asset. Also, 
considerable knowledge can be gained by careful 
selection of course work in institutions of advanced 
study and by careful job selection. 

With regard to the future status of training in 
the vacuum field, it seems fairly clear that on-the-job 
training will continue to be an important method. 
This is inevitable because of the different require- 
ments of the various kinds of vacuum processes 
being used industrially and the differences in pro- 
ducts. However, it is also expected that because of 
increasing application of vacuum processes there 
will be an increasing demand for more formal 
training in the field. This will probably manifest 
itself in pressure on universities to offer courses on 
the subject. It is believed the net result will be a 
larger offering of university extension courses on a 
geographical basis, depending on the concentration 
of industry making use of vacuum equipment. It 
is not anticipated that courses in vacuum technology 
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will be offered routinely in the regular university 
curricula. These curricula are already quite crowded 
and each course must justify itself with the staff and 
students. The demand for basic science and engi- 
neering courses pretty well precludes the inclusion 
of technological subjects such as the vacuum field, 
except in very special cases. Such cases will 


probably occur mostly in engineering departments 
rather than in physics departments. There has been 
a trend in recent years for vacuum problems to be 
handled by engineers and technicians rather than 
by physicists. 

It is expected that, as time goes on, demand will 


rise for a technological handbook including design 
considerations, properties of materials, comparison 
of commercial products, etc. The importance of 
vacuum symposia sponsored by organisations set 
up for this purpose, as well as by professional 
societies, will probably increase with time. This 
offers an excellent method of acquainting individuals 
working in the field with the newer developments. 
In the foreseeable future, it is not expected that 
new technical journals specifically devoted to 
vacuum technology will be required. The present 
journals, ‘Vacuum’, ‘Le Vide’ and ‘Vakuum Tech- 
nik’ should be adequate for some years to come. 


Published November, 1957 
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Summary 


ROOTS PUMPS have been specially designed for use with 
processes which require ultimate pressures in the inter- 
mediate vacuum range, the millimetre range. The working 
principle of the Roots pump is discussed and major points 
of interest in connection with its application are examined. 
The limitations of the Roots principle are essentially its 
restricted compressibility and the generation of heat in the 
compression stage. Details are given of measures taken to 
widen the range of pressures where the Roots pump is a 
practical and economical proposition. 


design and performance features 


Vacuum, Vol. V 


Research Laboratories, 
E. Leybold’s Nachfolger, 
Cologne-Bayental , Germany* 


Sommaire 


LA POMPE DE ROOTS a été spécialement étudiée pour étre 
employée 1a ou la pression minimum demandé dans le 
vide intermédiaire est de l’ordre des millimétres. Le 
principe de fonctionnement de cette pompe est discuté et 
on examine les principaux points intéressants dans son 
application. Les limites du principe de Roots sont essentiel- 
lement dues a sa compression limité et 4 la chaleur dévelop- 
pée dans I’étage compresseur. On donne des détails sur les 
mesures prises pour améliorer les pressions quand la pompe 
Roots est une proposition économique et pratique. 


PURPOSE OF ROOTS PUMPS 


The Roots pump has been especially developed for 
use in the intermediate vacuum range, 7.e. in the 
region which embraces the bottom limit of the 
pressure range covered by the rotary pump, and the 
top limit of the pressure range covered by the 
diffusion pump. 


BASIC DESIGN AND PERFORMANCE 
FEATURES 


Working Principle 

A diagrammatic view of the Roots pump is given 
in Fig. 1. The pump casing houses twin impellers 
ot the two-lobe type, forming the outline of a 
figure eight in section. Mounted on parallel shafts 
these impellers rotate in opposite directions, driven 
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through a pair of timing gears which control the 
proper rotative position of the impellers. There is 
no contact between the impellers, or between the 
impellers and the casing. As a result, mechanical 
friction is low and wear is at a minimum. 

In operation, air penetrating into the pump 
through the inlet port is trapped in the space between 
the impeller and the pump casing (V,) and con- 
veyed to the discharge port. No compression or 
expansion of the entrapped air takes place while 
this space is fully enclosed but, when the tip of the 
impeller passes the edge of the discharge opening, air 
present in the discharge region, due to the higher 
pressure prevailing in that area, expands into the 
displacement volume now exposed to the discharge 
port, in order to establish pressure equilibrium in 
the combined volumes. As the impeller continues 
to rotate, the opposite lobe approaching the dis- 
charge opening returns all air present in the dis- 
placement volume (including the air entrapped at 
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Fig. 1. Sectional view of the Roots pump 
illustrating its working principle. Vo indicates 
the displacement volume. 


Fig. 2. The compression factor f obtainable 
in the Roots pump, i.e. the ratio of discharge 
pressure (Py) to inlet pressure (Pyy) plotted as 
a function of the inlet pressure. 
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the inlet port) to the discharge region 
proper. 

This action repeats itself four times for 
each revolution of the drive shaft. 


Compression and Heating Effects 


If Roots pumps are to be employed as 
vacuum pumps the following two features 
of these pumps are of particular importance: 

(a) There are clearances of the order of 
1/10th of a millimetre between the two 
impellers and the pump housing. As a 
result backstreaming occurs. The magni- 
tude of the flow resistance of these clearan- 
ces varies. If the pump is operated at 
comparatively high pressures, the flow 
resistance depends on the difference between 
the inlet (suction) and the outlet (discharge) 
pressure. The lower the pressure level 
at which the pump is worked, the less 
marked is this pressure dependence until, 
finally, operating at very small pressures, 
the flow resistance is completely indepen- 
dent of the differential between inlet and 
outlet pressure. However, the fact remains 
that backstreaming is inherent in the 
operation of the pump and this limits 
the compression obtainable in such pumps 
to a figure dependent on the pressure 
region in which the pump is applied. Also, 
it explains why such a pump will not reach 
low ultimate pressures without auxiliary 
means, 1.e. without a reduced backing 
pressure. The latter is obtained by 
connecting an efficient fore pump to the 
discharge port of the Roots pumps. Calcu- 
lations, as well as practical experience, 
have shown that the ratio of the speed 
of the Roots pump to that of the fore 
pump should be 10 : 1 to give the most 
favourable operational conditions. 

An indication of the performance of such 
a combined unit is given in the graph, 
Fig. 2, where the compression factors, 
the compression ratios Py, (outlet 
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The above photograph shows three different types of Roots pumps. The type EGs5, the first on the left, 
is fitted with an electronic device to control the torque in the motor driving the pump. The types EG4s5 and 
EG35 are pumps of different capacities fitted with a by-pass line and pressure-actuated mechanical valve to 
facilitate pumping-down of the system before the Roots pump is started. The position of the pressure- 
actuated mechanical valve is indicated by a cross in the illustration (see Page 30). 


pressure) to P,,, (inlet pressure) obtained in the 
Roots pump under these conditions, are recorded 
as a function of the inlet pressure. For instance, in 
the case of an inlet pressure of 0.15 mm. Hg the 
compression factor is high (equal 31) and the Roots 
pump discharges successfully against a pressure of 
4.65 mm. Hg. At the same time the fore pump 
handles the air volumes discharged into the backing 
line satisfactorily, compressing the air to atmos- 
pheric pressure and discharging it into the open. 
(6) During the compression phase of the pumping 
action. heat is generated within the Roots pump. 
This heat is passed to impellers and housing alike. 
When operating in the low pressure region the 
impellers become hotter than the housing because 
there is little transmission of heat by convection 
and essentially the heat acquired by the impellers 
can only be conducted away by radiation. The 
energy consumed in the compression process is 
determined by the difference /\P of the pressures 


at the inlet and outlet of the Roots pump. If this 
pressure differential exceeds a certain critical value, 
the impellers may become so hot that thermal 
expansion of the impellers may reduce the clear- 
ances between the two impellers, and between the 
impellers and the housing, to nil, and the pump 
seizes up. This condition applies to all inlet pressure 
up to 300 mm. Hg. Only at higher inlet pressures 
large enough volumes of air are displaced by the 
pump every time to ensure heat conduction by con- 
vection, and in this range it is possible to run the 
pump at any desired pressure differential. 


APPLICATION 


Range of Ultimate Pressures Obtainable 


The economy of vacuum methods which depend 
on the use of diffusion pumps at some stage in the 
process, in particular where batch production is 
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concerned, is largely governed by the time spent on 
‘roughing’ the system, 1.e. by the time required to 
pump down to a pressure level at which the diffu- 
sion pump can go into action. The length of the 
roughing period is essentially determined by the 
effectiveness of the pumping means employed for 
the purpose. 

We are concerned here with the intermediate 
vacuum range as defined above and in this range of 
pressures the speed of the rotary gas ballast pump 
decreases sharply while the pumping action of the 
diffusion pump is only just noticeable. On the other 
hand this is the range where gas and vapour evolu- 
tion from surfaces in the system is so fast that it 
tends to exceed the speed at which the pump is 
capable of removing the air, let alone the liberated 
gases and vapours. Thus, if the capacity of the fore 
pump has been determined solely on the basis of re- 
moving the air from the system, the final stages of 
roughing, z.e. pumping near the bottom pressure 
required, will often be found to occupy a substantial 
part of the whole time spent on this pumping-down 
process. 

The position is fundamentally different in the case 
of Roots pumps as the speeds of the latter are at 
their maximum in that particular pressure range, 
see Fig. 3. In fact, there are two considerations 
which render the use of Roots pumps as fore pumps 
to diffusion pumps an economical proposition : 

(1) The time required for roughing can be re- 
duced. Fig. 4 gives results supporting this 
statement. 

(2) At inlet pressures below 10 mm. Hg a 
comparison of the electrical power require- 
ments of Roots pump with those of the 
rotary gas ballast pump in terms of power 
supplied per hourly displacement shows 
that the former is more economical than the 
latter. 

Fig. 5 indicates clearly that the proper sphere of 
applications of the Roots pump is the region of inter- 
mediate vacuum pressures, 7.e. the millimetre range. 
The actual upper and lower limits of the pressure 
range, where the use of a Roots pump is still 
economical, can easily be traced in that graph. But 


a few remarks should be added with regard to the 
limits. 

The impellers of the Roots pump are designed to 
run freely and mechanical friction losses are low, 
but the power requirements expressed in the afore- 
mentioned terms rise rapidly if the inlet pressure is 
lower than 610° mm. Hg. In that region the 
input is far above that of the diffusion pump. 
Although it is possible to obtain an ultimate pressure 
of 2-3x10° mm. Hg with a single-stage Roots 
pump and an ultimate pressure of 3-4 10° mm. 
Hg with a two-stage type, the Roots pump is not 
normally employed for evacuation to ultimate 
pressures below 6 x 10°? mm. Hg. 

At the other end of the range, in the region of 
comparatively high ultimate pressures, the limit of 
economical use of a Roots pump for normal applica- 
tions lies at about 10 mm. Hg. 


Practical Implications of the Pressure 
Differential 


Considering the action of the pump when operat- 
ing at 10 mm. Hg inlet pressure, just mentioned as 
the economical upper limit, an important reserva- 
tion has to be made. It will be remembered that it 
was stipulated previously that, in a combined unit, 
the ratio of the speed of the Roots pump to that of the 
fore pump should be 10 : 1. Maintaining this speed 
ratio, operation at 10 mm. Hg inlet pressure would 
involve a pressure difference between inlet port and 
discharge port equivalent to about 80-90 mm. Hg. 
This pressure differential is excessive, and the pump 
will not work unless substantial alterations are made 
to the design. If this is not feasible, operation at high 
ultimate pressures can only be facilitated by cutting 
down the power supply to the pump and thus limit- 
ing the amount of heat generated in the compression 
phase. 

There are several ways of meeting this require- 
ment: 

(a) A pressure-actuated switch is incorporated 
in the power supply circuit of the Roots 
pump which ensures that the pump is 
started only when the pressure in the system 
has been reduced to a predetermined value. 
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INLET PRESSURE — MM.Hg 


Fig. 3. (Right) Speeds obtainable with various y z 
combined units consisting of Roots pump and fore AV OUTFITS { $i80 
pump compared with the speeds of fore pump and ot Y Y // oT 8000 VW Z 
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Fig. 4. (Left) ‘Roughing-down’ time required 
for evacuating a receptacle of 10 m.* volume 
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Fig. 5. (Right) A comparison of the input 
requirements of Roots pumps, rotary gas ballast 
pumps and diffusion pumps, in terms of input per ‘ 
hourly displacement. 
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Fig. 6. Speeds 


ted pressure dif- 


obtainable from a 


ferential and (b) 


Roots pump rated 


Operated at an un- 


at 5,000 m.°/h: (a) 


restricted pressure 


Operated at a limi- 


differential. 


The initial evacuation down to this level is 
effected by the fore pump, either via the 
Roots pump housing—the impellers idling— 
or through a separate roughing line directly 
connected to the system. 

(b) A pipe is fitted which by-passes the pump 
casing and connects the inlet and the dis- 


charge port of the pump directly. A pres- 
sure-actuated mechanical valve incorporated 
in this arrangement maintains the pressure 
differential across the Roots pump at a given 
maximum value throughout the period the 
combined pumping unit is operating in the 
high pressure region. 

(c) The torque generated in the motor driving 
the Roots pump is restricted by means of 
an electronic control device. This auto- 
matically prevents the pressure differential 
in the Roots pump from building up to an 
excessive value. 

Any of these measures is successful to the extent 
that the Roots pump will surely work at inlet 
pressures above 2-3 mm. Hg. But, referring back to 
the abovementioned upper economic limit of 
10 mm. Hg, its speed in the range of 3-10 mm. Hg 
is appreciably reduced. At the same time it must be 
stated that the use of the device (b) or (c) yields 
considerably larger pumping speeds in the high- 
pressure region than the use of fore pumps alone. 


In the light of these remarks one may ask the 
question as to what is to be gained if means were 
found to work the pump at any pressure differential 
corresponding to the compression factors shown in 
Fig. 2. 

The graph Fig. 6 indicates the performance of a 
Roots pump with a rated speed of 5,000 m*/h under 
two alternative operating conditions. In one case the 
pressure differential was held at the maximum value 
normally permissible, and in the other the pressure 
differential was completely uncontrolled. It can be 
seen from this graph that in the inlet pressure range 
1-10 mm. Hg the gain in actual speed is appreciable. 


Practical Implications of the Temperature 
Differential 


Indeed, running of the Roots pump at high 
pressure differentials is quite a practicable proposi- 
tion if effective methods are available for the removal 
of the excess heat collecting in the impellers. Two 
such methods will be discussed below. 

Cooling of the Air. Let us first examine in detail 
how heat is generated. Fig. 7 will serve as an illus- 
tration of the processes occurring in the discharge 
port of the Roots pump. Consider the motion of the 
driving impeller shown as the upper impeller in the 
sketch. As the tip of this impeller passes the position 
g=0 the displacement volume, formed by the wall 
of the casing and the corresponding face of the 
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DISPLACEMENT VOLUME (SHOWN SHADED) 


160 210 240 270 30 330 360 


Fig. 9. A comparison 
of temperature differentials 
and pressure differentials 
obtained during the opera- 
tion of a Roots pump, (a) 


Fig. 8. (Above) General arrangement and 
position of the air-cooler mentioned on Page 30, 
fitted to the discharge port of the pump. 


Fig. 7. (Left) An illustration of the volume 
variation occurring at the beginning of the 
compression phase. 
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_ Fig. 10. Roots pump fitted with an oil-circulation system to cool the impellers. Legend: (1) Oil reservoir, (2) 
Oil-circulation pump, (3) Oil-cooler, (4) and (5) Hollow impeller shaft, (6) and (7) Impeller, (8) Interior of an impeller, 
(9) Bearing chamber. 
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Fig. 11. Speeds obtained in practice with a Roots pump unit rated at a maximum displacement of 20,000 m.*/hr., 
(a) without any special cooling means (6) provided with an oil-circulation system to cool the impellers. 


9 
ASS N & 
‘Ae 
Vol 
195 
7 8 2 
: | | | 
10° 107 10 
32 


other impeller, ceases to be fully enclosed and con- 
nection is established with the discharge (or fore 
vacuum) area. This means that, at this point, the 
displacement volume is combined with that of 
the fore vacuum region. However, the pressure 
in the fore vacuum region is higher than that in the 
displacement volume, by an amount expressed in 
terms of the compression factor applicable. Thus, 
as soon as connection is made, air will diffuse from 
the discharge region into the displacement volume, 
i.e. in a direction opposite to the motion of the 
impeller, in order to equalise the pressures in the 
combined volume. As the impeller continues to 
rotate, this expansion is counteracted and all the air 
present in the displacement volume is re-compressed 
to the original fore vacuum pressure and discharged 
into the backing line. Re-compression is completed 
when the impeller has travelled a full 90° from the 
zero position. At this point the volume of the dis- 
charge region is reduced again to its original size 
before connection with the displacement volume 
has been established. It is here, in the final stage 
of a complete cycle of events—the compression stage 
—that the air heats up. Some of this heat is passed 
to the pump structure, 7.e. the impellers and the 
casing. 

As pointed out before, the most important prob- 
lem is to conduct away the excessive heat building 
up in the impellers. The phenomenon of the 
‘backing’ air flowing into the displacement volume 
at the beginning of the compression phase in each 
cycle affords a convenient means of providing 
effective cooling of the impellers. 

A cooling device developed for this purpose and 
fitted to the discharge port of a Roots pump is shown 
in Fig. 8. Such a cooling device is known to conduct 
away on the average about 80° of the heat generated 
by the power of the pump drive. It is clear, there- 
fore, that the impellers will remain all the time 
comparatively cool. 

Typical test results are shown in the graph, Fig. 9. 
A Roots pump of conventional design operating at a 
pressure differential of 30 mm. Hg, 7.e. at a tempera- 
ture differential between casing and impellers of 
22°C, seizes up after a run of about 6 hours. The 
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same pump, after having been fitted with an air- 
cooler, could be operated at a pressure differential 
of 85 mm. Hg without developing a temperature 
differential exceeding 17°C, at which differential a 
thermal equilibrium established itself preventing 
seizure of the pump irrespective of the running 
period. These measurements prove that the use of 
an air-cooler in the discharge port of the pump 
permits an increase of the pressure differential at 
which a Roots pump can be operated, to 80 mm. Hg. 
This represents an improvement by a factor of 3-4. 

It should be noted, however, that a cooler working 

to this principle merely has the effect of shifting the 
danger zone where seizure may occur to the range 
of larger pressure differentials. It does not prevent, 
altogether, the clearances in the pump from becom- 
ing smaller. Thus, the remedial action of this cooler 
is limited by, and very closely related to, the manu- 
facturing tolerances applied in the construction of 
the pumps. Further, certain operational conditions 
such as ambient temperature, for instance, may have 
an important bearing on the performance. 
Cooling of the Pump Structure. If it is desired to 
operate at still higher pressure differentials, but not 
with the intention of adjusting manufacturing toler- 
ances accordingly, and to take operational conditions 
into account, an alternative, more effective, method 
of cooling is employed, 7.e. the impellers are cooled 
by circulating oil through them. 

Fig. 10 shows such an arrangement. The whole 
of the oil-circulation system is working at low 
pressure, as the oil is used at the same time for the 
lubrication of the gears, and the bearings and the 
gear chambers have to be at reduced pressure for 
operational reasons. Roots pumps cooled by this 
method show impeller temperatures far below those 
of the casing, whatever the running conditions. For 
instance, it has been found that the impellers of a 
Roots pump working at a pressure differential of 
80 mm. Hg were 78°C cooler than the casing. But 
it follows that the heavier the work carried out in the 
pump, the larger will be the clearances between the 
impellers, and between impeller and casing. Thus, 
while seizing-up of pumps fitted with this system 
may be effectively prevented at low loads, tempera- 


ae 
5 


R. THEES 


ture differentials between impeller and casing may 
become so large that a corresponding widening of 
the clearances may produce a marked deterioration in 
the volumetric efficiency of the pump. 

This condition calls for additional safeguards if 
Roots pumps of still higher capacity are to be 
developed. In that case it is necessary to cool the 
casing of the Roots pump as well, z.e. the casing is 
fitted with a jacket which is connected to the oil 
circulation system. This has the following advant- 
ages: 

(a) The temperature differential between impel- 
lers and casing is kept under control. It can be held 
within safe limits as far as the volumetric efficiency 
of the pump is concerned; at the same time it can be 
arranged that the impellers remain cooler than the 
casing. 

(b) The casing and, in particular, its more delicate 
parts such as seals and bearings, can be protected 
against undue temperature rises. 

Fig. 11 shows the actual speeds obtained from a 
Roots pump unit rated at a maximum speed of 20,000 
m?/h. when operated under two different sets of 
conditions. The dashed curve indicates the speed 


obtained before cooling was arranged for. There- 


fore, the maximum pressure differential applicable 
was 1 mm. Hg. The dash-dot curve gives the results 
obtained with the same pump after providing oil 
cooling of the impellers which facilitates running at 
a maximum pressure differential of 50 mm. Hg. The 
solid curve serves as a means of comparison showing 
the true relationship between speed and compression 
factor, ignoring any artificial restrictions which may 
have to be placed on the corresponding pressure 
differentials in order to facilitate operation of the 
pump in practice. 


CONCLUSIONS 


In theory, cooled Roots pumps can be employed 
successfully for ultimate pressures ranging from 
10* mm. Hg to atmospheric. However, before a 
decision is made on its application, all factors 
should be carefully considered in order to establish 
beyond doubt every time, that the use of the 
Roots pump is an advantage and economically 
sound. In practice, it would appear that the proper 
range of the Roots pump lies between 10°? mm. Hg 
and 20 mm. Hg, unless the application for which it 
is intended shows unusual features. 
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VAPOUR PUMPING CHARACTERISTICS 


of gas ballast pumps 
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Summary 


THE MECHANISM OF CONTAMINATION when vapours are pum- 
ped by oil-sealed rotary pumps is described and a method is 
discussed for calculating the degree of protection afforded 
by gas ballast in terms of the maximum mass flow rate at 
which oil-insoluble vapours can be pumped without 
significant condensation of vapour in the pump. It is 
shown experimentally that, though this calculated maximum 
flow rate does correspond approximately to the practical 
limit for no condensation, it can often be greatly exceeded 
without cumulative contamination or serious impairment 
of pump performance. The somewhat different character- 
istics when pumping oil-soluble vapours are discussed and 
illustrated by experimental results, and it is concluded 
that, although gas ballast can generally provide considerable 
protection in such cases, a high proportion of the volumetric 
and mass pumping rates theoretically possible on the basis 
of pump displacement is more likely to be achieved in 
larger and hotter-running than in smaller and cooler- 
running pumps. 
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Sommaire 


L’AUTEUR DECRIT LE MECANISME DE CONTAMINATION due aux 
vapeurs pompées par des pompes a palettes, et discute une 
méthode permettant de calculer le degré de protection, 
apporté par le systéme de lest d’air, en termes de masse 
maxima d’écoulement pour laquelle les vapeurs insolubles 
dans V’huile peuvent étre pompées sans condensation 
appréciable de vapeurs dans la pompe. II est démontré 
expérimentalement que, bien que la masse maxima d’écoule- 
ment calculée correspond approximativement 4 la limite 
pratique de non-condensation, celle-ci peut souvent étre 
largement dépassée sans danger de contamination cumu- 
lative ou d’altération du rendement de la pompe. Les 
caractéristiques, peu différentes dans le cas de pompage de 
vapeurs solubles dans l’huile, sont discutées et illustrées par 
des résultats expérimentaux; on en conclue que, bien que le 
lest d’air donne généralement une protection considérable 
dans de tels cas, une proportion élevée du taux de pompage 
volumétrique et masse théoriquement possible sur la base 
du déplacement de la pompe, apparait plus facilement 
obtenu dans des grandes pompes fonctionnant plus chaudes 
que dans des petites pompes fonctionnant tres froides. 


INTRODUCTION 


THE OIL-SEALED mechanical vacuum pump provides 
a sound and trouble-free means for pumping 
permanent gases from atmospheric pressure down 
to pressures of the order of 5 to 10 w Hg (single- 
stage pump) or 0.1 « Hg (two-stage pump). 

If, however, vapours are to be pumped, pump 
contamination may arise in two ways. 

Firstly, a vapour which is normally liquid at 
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pump temperature and atmospheric pressure is 
likely to condense during compression in the pump, 
mix with the pump oil, and circulate with the oil 
until it re-enters the high vacuum side of the pump, 
where the contaminant will to some extent re- 
evaporate. Secondly, a vapour which is significantly 
soluble in the pump oil may dissolve in the oil 
directly from the vapour phase and also circulate 
with the oil round the pump in the manner just 
described. 

Both sorts of contamination are cumulative in 
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the sense that the pump ultimate pressure is likely 
to deteriorate continuously due to the progressive 
admixture of contaminant with its oil charge—until 
the ultimate becomes equal to the entry pressure of 
vapour. After this no more vapour can enter the 
pump and pumping ceases. A single soluble vapour 
may of course produce contamination in both ways 
simultaneously. 

One well-known method of combatting vapour 
contamination is that devised by Gaede!” and 
generally known as Gas Ballasting. This consists 
in the admission of a controlled bleed of gas (usually 
air) to the compression side of the pump to mix 
during compression with the vapour being pumped. 
The gas-vapour mixture is compressed to atmos- 
pheric pressure, but the vapour now exerts only 
a part of the total pressure of the mixture and, over 
a wide range of conditions, a part which can be kept 
small enough so that the vapour does not condense. 

Since the ballast gas is intended to act by pre- 
venting vapour condensation during compression, 
it would not be expected to afford complete pro- 
tection where oil-soluble vapours are being pumped 
which can dissolve from the vapour phase. It is 
found however that gas ballast can be of very great 
use even in these cases—limiting the degree of 
contamination and enabling the pump to purge 
itself of contaminant after the vapour pumping 
duty has been completed. 

It is obviously desirable to be able to predict 
vapour pumping performance and in the case of the 
insoluble vapours it is easy to propose a formula to 
calculate the maximum possible pumping rate 
without significant condensation in the pump of 
the vapour being pumped. Such a formula in- 
evitably includes certain simplifying assumptions. 
One object of the work here reported was to establish 
experimentally how accurately its predictions are 
borne out in practice, and to investigate the be- 
haviour of a pump when the maximum pumping 
rate for no condensation is exceeded by controlled 
amounts. 

In the case of oil-soluble vapours there has been 
little if any published information about the degree 
of protection to be expected, and the second object 
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was to investigate experimentally the pump be- 
haviour when a highly oil-soluble vapour is pumped 
and to suggest how this is influenced by prevailing 
conditions. 

The mechanisms of oil contamination and its 
prevention by gas ballast have been somewhat 
inadequately covered in the literature and a des- 
cription is therefore included in the present paper 
before the presentation of new experimental results. 


CONTAMINATION, ITS MECHANISM AND 
PREVENTION 


Fig. la illustrates a conventional rotating-vane 
mechanical pump. All small clearances between 
mutually moving parts in the pump are sealed 
against leakage by oil, which is fed liberally to the 
pump interior. Some of this oil is ejected to the 
main oil reservoir through the outlet valve each half- 
revolution of the pump, and oil from the reservoir 
continuously re-circulates into the pump through 
oilways not shown. 

When such a pump is set to pump condensable 
vapour, the vapour is compressed towards the outlet 
valve in front of a vane, and its pressure must rise 
somewhat above atmospheric before the valve will 
lift to permit its passage through the oil in the 
reservoir and out of the pump. If the vapour is 
normally liquid at pump temperature and atmos- — 
pheric pressure, as water vapour is, it will probably 
condense at some stage during compression, and 
it is liquid mixed with the pump oil which will 
finally be ejected from the outlet valve. It is obvious 
that, as the oil re-circulates into the fine side of the 
pump, it is likely to carry some of the contaminating 
liquid with it, which will evaporate there and exert 
a vapour pressure on the inlet side of the pump. 
Also, for any given pressure in the vapour source 
being pumped, contaminant will progressively 
accumulate in the pump until the vapour pressure 
due to contaminant on the inlet side equals the 
source pressure. Thereafter, contaminant will 
merely circulate through the pump, being alternately 
vaporised on the inlet side and condensed on the 


compression side, and no more vapour will be 
pumped from the vapour source. If the source 
pressure is now increased, there will again be a net 


vapour flow into the pump at a rate which will © 


gradually diminish as the contamination level rises 
until it becomes zero when new equilibrium has 
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ball valve illustrated is to ensure that no gas is ever 
re-expelled through the gas ballast port during 
compression; it can be dispensed with in some 
designs. Some leakage of the ballast gas into the 
fine side of the pump is bound to occur and to 
produce a worsening of pump ultimate, and this 
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Fig. 1 (a) (Left) and 1 (6) (Right). Diagrammatic repre- 


sentation of rotary vane vacuum pump, (a) without and 


been established. If the vapour is significantly 
oil-soluble, oil contamination by solution from the 
vapour phase will occur as well as contamination by 
condensation, but the mechanism will in other 
respects be similar to that just described. 

Fig. 1b illustrates a pump provided with a gas 
ballast valve arranged to admit a controlled bleed 
of gas (usually atmospheric air) into the com- 
pression side of the pump at a point which is always 
separated by blades and rotor from the inlet port 
of the pump and the vacuum system. The one-way 


(6) with the gas ballast device. 


is one factor limiting the amount of ballast it is wise 
to admit. With a well-designed pump, however, 
it is possible to admit a ballast flow of the order of 
10 to 20% of the pump displacement whilst main- 
taining a fine-side ultimate pressure of a few tenths 
of a millimeter of mercury with a single-stage pump, 
or a fine-side ultimate pressure of the order of 5 mi- 
cron Hg with a two-stage pump where, of course, 
only the rough stage is gas ballasted. These are total 
pressures, as would be read by an air-calibrated 
Pirani gauge. 
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When ballast gas is admitted, it is continually 
compressed and ejected through the outlet valve. 
The heat generated produces a marked rise in pump 
temperature. This greatly assists the protective 
action of the ballast gas which is as follows :— 

If the pump is set to pump condensable vapour, 
the vapour drawn in on the inlet side is confined 
between two vanes as it is carried round the bottom 
part of the pump. Early during compression, the 
leading vane passes the gas ballast port and the 
vapour—still substantially at inlet pressure—is 
mixed with the incoming ballast gas which is usually 
greatly in excess of the vapour in quantity. As 
compression proceeds, gas and vapour are com- 
pressed together, and the mixture may reach a 
pressure in excess of atmospheric and sufficient to 
lift the pump outlet valve while the partial pressure 
of the vapour remains only a fraction of an atmos- 
phere. Provided the partial pressure of vapour 
during compression does not reach its saturation 
pressure at pump temperature, it does not condense 
and passes out of the pump in the vapour state with 
the ballast gas.* 

Although the gas ballast device cannot be ex- 
pected to be completely effective against vapours 
which can dissolve in the pump oil direct from the 
vapour phase, it does provide a degree of protection. 
The ballast gas is bound to carry vapour with it 
when it leaves the pump and the high pump 
temperature increases the amount so carried. Some 
pumping action would therefore be expected to 
persist indefinitely. 

It would also be expected that a contaminated 
pump—whether the contaminant were soluble or 
insoluble—would purge itself if left running with 
ballast flowing and its inlet blanked off. Circulating 
oil would continually carry contaminant into the 
high vacuum side of the pump and some of the 
vapour produced there would be ejected with the 
ballast gas during each compression stroke. 


* It is important that any spray baffle system above the 
pump outlet valve should be at or near pump temperature, 
and that any exhaust pipe leading away from the pump 
should run initially downhill, preferably to some sort 
of catchpot. Otherwise, vapour may condense on cool sur- 
faces and run back into the pump oil. 


An insoluble vapour would only be expected to 
cause considerable contamination if it were to 
condense during compression. If, with ballast flow 


‘and pump temperature held steady, the mass flow 


of vapour entering a pump mouth is progressively 
increased, then the proportion of vapour to ballast 
gas present in the compression space during com- 
pression increases progressively also. A mass flow 
rate is eventually reached such that the partial 
vapour pressure just before exhaust is equal to 
saturation pressure for the vapour at pump tem- 
perature. This flow rate represents the maximum 
if condensation is to be avoided and when this 
maximum flow rate obtains, the ballast gas passes 
from under the exhaust valve just saturated with 
vapour at the prevailing pressure and temperature. 

This simple description is the basis of the method 
of calculation discussed below. 


CALCULATION OF MAXIMUM PUMPING 
RATE WITHOUT PUMP CONTAMINATION 
FOR INSOLUBLE VAPOURS 


The calculation depends on the assumptions that, 
in the limiting case, the ballast gas becomes just 
saturated with vapour at pump temperature the 
instant the pump exhaust valve begins to lift, and 
that, at this instant, the gas and vapour are together 
exerting a pressure a little above atmospheric which 
can be measured without much difficulty. The 
quantity of vapour per stroke or per minute that 
the ballast gas will carry out of the pump can then 
readily be calculated, and it is assumed that if no 
more vapour than this enters the pump per stroke 
or per minute, the pump will not be contaminated. 


If V = Volumetric rate of ballast gas intake at 

atmospheric pressure (1./min.) 

Ambient temperature (°K) 

Pump temperature (°K) 
(conveniently taken as pump oil 
temperature) 

Pressure under pump exhaust valve at 
instant of lifting (mm. Hg) 

Saturation pressure of pumped vapour 
at pump temperature JT (mm. Hg) 

Barometric Pressure (mm. Hg) 

‘Density pumped vapour at and 


Max. safe mass rate for pumping vapours 


(g./min.) 


| 
| 


Then, assuming that in the limiting case the 
ballast gas emerges from under the pump outlet 


valve fully saturated at T °K and at P, mm. Hg:— 
Volume/min. of emerging vapour = Volume/min. of emerging gas = V 


and the maximum safe pumping rate for vapour 


P 
W =p .— (1 
Assuming that water vapour is pumped, and 
treating it as a perfect gas*, so that at exit 


P Water Vapour 4 760 
= 0.289 
T (g./l.) 


then the maximum safe pumping rate for water 
vapour: 


V P, Psr 
W Water Vapour 0.289 (g./min.)(2) 


Any permanent gas entering the pump inlet with 
the vapour reinforces the action of the ballast gas 
and its volume/min. at pump exit must be added 
to the ballast gas volume/min. at exit for the purpose 
of calculating maximum safe vapour pumping rates. 
Thus, gas entering a pump of speed S 1./min. at 
partial pressure P, and temperature ¢ °K would have 
at exit a volume/min. 


P. 


and Equ. 1 would become: 


VP, + SP, T 
= p .— (g./min.) (3 
= (g./min.) (3) 


This should be applied with caution at very 
considerable values of P,, as ballast flow tends to 
diminish as P, becomes large. A typical curve is 
shown in Fig. 2. The deviation of ballast flow is 
unlikely to exceed a few per cent over the pressure 
range where purely vapour loads are pumped, so 


* The error involved is very slight, as reference to steam 
tables will show in any particular case. 
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that no correction is normally necessary to Equs. 
1 and 2, and Equ. 4 discussed below. If data 


T 

corresponding to Fig. 2 is available, however, a 
correction can easily be made after a preliminary 
calculation has approximately fixed the value of W. 

Returning to the case where water vapour alone 
is entering the pump. If the ballast air is humid 
and if P,, mm. Hg is the partial water vapour pres- 
sure in the atmosphere, then the true mass flow rate 
of the ballast air is reduced in the ratio (P, — P,)/P, 
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Fig. 2. Variation of ballast flow with inlet 
pressure at the pump mouth for an Edwards 
1SC450 pump (displacement 450 1./min.). 


and water vapour enters the pump along with the 
ballast air at the rate of 
38 P, 

V 0.289 V(g./min.) 
Equ. 2 must be adjusted for the reduced true ballast 
air flow, and the water vapour entering with the 
ballast must be subtracted from the gross ejection 
rate in the critical case to give the met maximum safe 
water vapour pumping rate. Under humid con- 
ditions, therefore 

V PPsry BP, 


= 0.289 — .— 
W water vapour 0 t P, = Pw P, 


— 0.289 P, (V/t) (g./min.) 
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in.) 
(4) 


Equs. 1, 2 and 4 are those to be considered in 
relation to the tests pumping insoluble vapour. 
For most practical purposes, Equs. 1 and 2 would 
normally be used and a safety margin allowed for 
humidity effects, equation inaccuracies, etc. 

Equ. 2 can be simplified without losing ap- 
preciably in value by taking P, to be 760 mm. Hg. 
P, to be 900 mm. Hg. and r to be 293°K (correspond- 
ing to 20°C), then 


W Water vapour 


Ps 
(5) 


The above Equs. 1 to 5 yield their results in terms 
of a maximum safe mass pumping rate in g./min. 
Many pumps, including those discussed later in 
this paper, attain level speeds approximately equal 
to their rated displacements over a wide range of 
pressures, and Equs. 1 to 5 can readily be re- 
written to give results in terms of the maximum 
safe inlet vapour pressure (Py ,,.x.) for a pump of 
displacement 1./min. 
For instance, for water vapour at about 20°C 


W 22.4 293 
P =—. x 760 vet 6 
~ 18° 273 (wm. He) (6) 


If W is derived from Equ. 3, Py ,,,,. refers of 
course to the partial vapour pressure only. 


Table I. Maximum Water Vapour Pumping Rates 
for No Condensation in a Pump using 10 I./min. 
Ballast Flow 


Pump Temperature °C 50 60 


Maximum pumping rate 
with zero humidity 
(g./min.) 

Maximum pumping rate 
with 100% humidity 
(g./min.) 0.67 | 1.28 | 2.40 | 4.59 


The above values have been calculated a Equa. 4, taking 
P,=760 mm.Hg, P,=900 mm.Hg, t=20°C=293°K. 


Table 1 has been complied by calculation using 
Equ. 4 to illustrate the effect of pump temperature 
and humidity on maximum safe water vapour 
pumping rate as predicted by the equation. It shows 
how much the maximum safe vapour pumping 
rate would be expected to increase with pump 
temperature and also how humidity effects are of 
reduced importance at the higher temperatures. 
This demonstrates the importance of the temperature 
rise produced in ballasted pumps by the work done 
compressing the ballast gas. 

Likely steady running temperatures for pumps, 
working with full ballast flow at 15-20°C ambient, 
range from about 75° to 80°C for large pumps down 
to about 50°C for the smallest pumps. 

The maximum safe vapour pumping rate discussed 
above is the limiting rate if vapour condensation in 
the pump is to be avoided. It is shown later that 
it may often be safe to exceed this rate if the im- 
plications with regard to pump contamination are 
recognised. 


EXPERIMENTAL APPARATUS 


The apparatus employed in the experiments 
described below is illustrated in Fig. 3. It permits 
the selected vapour to be supplied to the pump at a 
selected and reasonably steady pressure and at a 
measured rate, for a considerable period. Vapour 
pressure at the pump inlet is controlled by adjust- 
ment of the boiler heater input and of the control 
valve. In practice, little or no heat had to be added 
to the boiler except in the case of the large pumps 
at the high vapour flows. 

During some tests vapour temperature exceeded 
ambient temperature and vapour condensation in 
the pumping line was therefore possible. Such 
condensation could result in liquid contaminant 
entering the pump and also in unreliable pressure 
indications. The apparatus between boiler and 
pump mouth was therefore wound with a resistance 
wire (not shown in Fig. 3) so that its temperature 
could be raised a little when necessary, and the 
catchpot illustrated was added as a further pre- 
caution against liquid droplets entering the pump. 
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CATCHPOT. 


Fig. 3. Experimental apparatus connected to single-stage 450 1./min. pump. The heating wire wound 
round the pipe system between pump and boiler has been omitted for clarity. 


EXPERIMENTAL RESULTS 


Single Stage Pump—Insoluble Vapours 


Contamination Pressure-Time Curves. These curves 
provide the basis for most of the experimental 
conclusions. They are obtained as follows, see 
Fig. 3. 
The pump is first run with the inlet valve closed and 
the gas ballast valve open (assuming the test is to check 
the gas ballast performance) until its operating tem- 
perature has stabilised. The Pirani gauge is read. 
Then the gas ballast valve is closed for a short fixed 
interval (usually 4 minutes) and the gauge is read again. 
The valve is re-opened. 

These gauge readings are assumed to represent 
the ultimate vacua with and without gas ballast of 
the uncontaminated pump under the conditions of 
the test. Only a few minutes can be permitted for 
the gauge to ‘settle’ before being read when the 
ballast valve is closed, since the pump would lose 


its stable temperature if left for long without the 


ballast load to pump. 

When these initial ‘ultimate’ readings have been 
taken, the vapour to be pumped is admitted at a 
steady pressure through the main inlet valve, the 
manometer being used for pressure measurements. 
This steady vapour inlet pressure is maintained 
throughout the whole duration of the test apart 
from the periodic interruption to take ‘contamination 
readings’. 

‘Contamination readings’ are taken at appropriate 
intervals by rapidly closing both the main inlet valve 
and the ballast inlet valve, waiting for the short 
interval mentioned above and reading the Pirani 
gauge or U-manometer. The gas ballast valve is then 
opened, a snap reading of the Pirani or U-manometer 


is taken with gas ballast flow and the inlet valve is 
immediately opened to continue the pumping run. 


It is important that a ‘contamination reading’ 
should be over quickly or the pump will change 


temperature. Also, the ballast valve should be 
re-opened only a few moments before vapour 
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VAPOUR PRESSURE OF IO mm Hg. 

Fig. 4. Contamination 
pressure—time curve for 
450 1./min. - displacement 
pump 1SC450 running at 
70°C with 43 1./min. bal- 
last flow, pumping water 
vapour at 10 mm. Hg 
inlet pressure. 
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Fig. 5. Contamination 
pressure—time curve for 
1SC450 pump. Pumping 
water vapour at IO mm. 
Hg inlet pressure with no 
gas ballast flow except at 
the end of the test. The 
curve from Fig. 4 is shown 
dotted for comparison. 
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Fig. 6. Contamination 
pressure—time curve for 
1SC450 pump running at 
7o°C with 43 1./min. bal- 
last flow, pumping water 
vapour at 40 mm. Hg 
inlet pressure. 
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pumping is resumed, for the ballast flow begins 
immediately to purge the pump when it is admitted 
and thus to upset the conditions of the test. 

When successive contamination readings show 
that contamination has become steady and has 
remained steady for a sufficient period, the vapour 
inlet valve is closed and the pump is allowed to purge 
itself with the ballast valve open. Further ‘con- 
tamination readings’ are taken during purging 
until purging is substantially complete. 

Regular readings of the liquid level in the boiler 
are taken during a test, and thus the mass rate of 
pumping is known for any period. 

A typical curve of contamination level against 
time of pumping vapour at a steady inlet pressure 
(water vapour at 10 mm. Hg in this case) is shown 
in Fig. 4. A single-stage pump of 450 1./min. 
displacement was used.* The contamination level 
is arbitrarily expressed as the reading of a gauge 
connected to the pump inlet, a brief fixed interval 
after temporarily isolating the pump from the vapour 
supply. The level indicated differs somewhat 
according to whether the with-gas-ballast or 
without-gas-ballast figure is taken. The without- 
gas-ballast figures have generally been employed here. 

In the example, contamination rises quickly to a 
level (pump ultimate 0.1 mm. Hg) where it remains 
steady indefinitely until vapour pumping is inter- 
rupted. Purging to a much lower contamination 
level is then rapid, though a complete return to the 
initial level is achieved asymptotically. This result 
indicates that equilibrium between the rate of vapour 
entry into the pump and the rate of its ejection with 
the ballast gas was reached quickly and at a low 
contamination level, and that vapour condensation 
in the pump was absent or insignificant during the 
test. 

The slight initial contamination could be due in 
part to slight solubility of water vapour in the pump 
oil and in part to the fact that water vapour, absorbed 
onto the walls of the inlet pipe system on the pump 
side of the inlet valve during the pumping run, 
would not all be removed in the brief interval, after 


* ‘Speedivac’ 1SC 450 
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the valves were closed and before the gauges 
were read. 

The curve of Fig. 5 was taken under similar 
conditions to that in Fig. 4 except that no gas 
ballast was used at all. The contrast is striking. 
Water vapour entering the pump inlet at 10 mm. Hg 
pressure has been condensed during compression 
and remained in the pump oil. The ‘contamination 
pressure’ has continuously increased until it has 
reached the pump inlet pressure. All useful pump- 
ing action has by then ceased, no more vapour 
has entered the pump and the ‘contamination 
pressure’ has remained at 10 mm. Hg. Valving- 
off the inlet vapour has produced a very slight and 
gradual drop in contamination for which some 
distillation of vapour out of the warm pump may be 
partially responsible. Finally, opening the gas 
ballast valve has rapidly purged the pump. 

The curves of Fig. 4 and Fig. 5 indicate behaviour 
corresponding with the theoretical description given 
earlier. The result described below was by no 
means so predictable. 

The ballast gas would not be expected to carry 
more water vapour out of the pump than would 
just saturate it at pump temperature and, if the 
vapour flow admitted to the pump inlet were 
greatly to exceed this limit, the part in excess of the 
vapour carrying capacity of the ballast gas would be 
expected to condense out during compression in 
the pump. 

It might be anticipated that the contamination 
pressure would eventually rise sufficiently far 
towards the steady vapour inlet pressure to reduce 
the incoming vapour flow to match the vapour 
carrying capacity of the ballast gas—and that 
equilibrium would be reached at that condition. 

Fig. 6 illustrates what actually happens. The same 
pump was used as in the previous experiments, but 
it had an inlet vapour pressure of 40 mm. Hg which 


. is well beyond the limit for no condensation (about 


20 mm. Hg for the pump in question). 

The contamination curve shown is just the same 
in character as that of Fig. 4. The ‘contamination 
pressure’ becomes steady after a few minutes 
pumping and thereafter stays steady indefinitely. 
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Such a curve has been 
taken over a period three 
times as long as_ that 
covered by Fig. 6. The 
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mains low, it does not 
rise as high as 0.6 mm. 
Hg, so the full pumping 
speed remains available 
and vapour is entering the 
pump about twice as fast 
as the anticipated vapour 
carrying capacity of the 
ballast gas to remove it. 


This was checked by mea- 
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Fig. 7. Contamination pressure—time curves 
for 1SC450 pump at 70°C with 43 1./min. gas 
ballast flow, pumping water vapour at various 
steady inlet pressures. 


Fig. 8. Equilibrium contamination pressure— 
vapour inlet pressure curve derived from Fig. 7. 
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equilibrium implied by 
the level run of the curve of Fig. 6 can only be 
maintained if as much water leaves the pump 
each minute as enters it, and the conclusion is 
inescapable that the ballast gas can carry much 
more water out of a pump than it would be expected 
to carry as vapour. 

It is not difficult to suggest a possible mechanism. 
It seems inevitable that at such a high vapour inlet 
pressure some condensation of vapour must occur 
during compression. It will be shown later that a 
discontinuity of behaviour suggesting condensation 
does in fact occur, as vapour inlet pressure is in- 
creased, at about the order of pressure that would 
be suggested by calculation. But condensation in 
the body of a gas being compressed is almost 
invariably condensation to finely divided mist 
droplets which can travel considerable distances 
with the flowing viscous medium (in this case 
ballast gas) in which they are suspended, even 
around corners and past baffles, before a large pro- 
portion of them reach the surface over which the 
ballast gas is flowing and settle out, or agglomerate 
sufficiently to fall through the gas stream. 

All pumps running with gas ballast continually 
discharge a finely divided oil mist, arising not from 
condensation but apparently due to mechanical 
action of the ballast gas on oil surfaces it encounters, 


= —— 


and such oil mist always proves very difficult to 
precipitate by simple baffles. Whether the presence 
of this mist has any influence on the manner of 
condensation of the water we have not investigated, 
but it does seem very likely that much water, far 
in excess of the vapour carrying capacity of the 
ballast gas, can be carried from the pump in rather 
the same way as the oil, though the presence of the 
oil mist and other difficulties make visual obser- 
vation very difficult. 

When water is being carried out of the pump 

in the form of condensed mist there is likely to be 
a continuous settling out of some of the mist 
(from that part of the ballast gas which comes in 
contact with the surfaces inside the pump during 
its flow) right from the point of condensation until 
the pump outlet is reached. Contamination is 
therefore likely to be more severe than in the case 
when the water is being carried out as vapour and 
its extent must depend greatly on the design of the 
individual pump. But it seems that contamination 
can remain small enough so that almost the full 
pumping displacement is available at very high 
vapour inlet pressures. 
Determination of Condensation Point. Fig. 7 displays 
a group of equilibrium curves taken for the same 
pump and under the same conditions as for the 
previous examples. For the bottom four curves of 
the group the increase in contamination level is 
only about 0.03 mm. Hg gauge reading for each 
5 mm. Hg increment in vapour inlet pressure, but 
for the remaining curves the increase in contamin- 
ation level is about three times as great per 5 mm. 
Hg increment. 

Fig. 8 shows the level contamination values of 
Fig. 7 plotted against the respective inlet vapour 
pressures. The resulting curve displays a fairly 
localised change of slope in the neighbourhood of 
20 mm. Hg inlet vapour pressure and tangents 
drawn on both sides of this region cross at a point 
which may be taken as indicating approximately 
the critical inlet vapour pressure above which it may 
be assumed that condensation during compression 
is beginning to contribute to pump contamination. 
The measured mass-pumping rate at this critical 
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inlet vapour pressure can be compared with the 
results of calculation using Equ. 4, to check the 
validity of the latter :— 

According to Equ. 4 the critical mass-pumping 
rate for no condensation is given by: 


PP 
t (g./min.) 


W Water vapour 


Fig. 9. 1SC450 pump showing fan pulley and 
gas ballast inlet valve and filter. 


The conditions of the test were: 


Ballast flow V = 431./min. 
Ambient temperature t x 291°K 
Barometric pressure P, ~ 755 mm.Hg 
Max. pressure during 

compression P, ~ 900 mm.Hg 


Partial water vapour pres- 
sure in the ballastair P, = 13 mm.Hg 


Mean pump temperature 
(see overleaf) T = 70°C 


Equivalent saturation 
water vapour pressure P;; = 234 mm.Hg 
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The curves of Fig. 7 represent several days 
testing during which ambient conditions were not 
quite constant. The above values of r, P, and P, 
are average values for those runs yielding points 
in the neighbourhood of the bend in the curve of 
Fig. 8. Small errors in these values do not greatly 
affect the results. P, is estimated from measure- 
ments on a similar pump modified to accept suitable 
gauge equipment, and an error of a few percent 
is possible. 

Pump temperature is the most problematic 
measurement. During the test runs the oil in the 
reservoir was between about 72 and 75°C whereas 
the lagged pump lid was usually between about 
66 and 69°C. Moreover the pump is constructed 
so that the stator end covers, which provide two 
of the walls of the compression space, are exposed 
to the atmosphere on the outside and one of them is 
mildly cooled by a draught from a fan pulley, see 
Fig. 9. It is likely then that the air-vapour mixture 
is not at an even temperature during compression, 
and 70’, a little below the oil reservoir temperature, 
was taken as a fair average. The uncertainty is 
unfortunate because P,;, varies considerably for 
small changes in pump temperature. 

Substituting the above values now in Equ. 4. 


43 755x234 — 13x 900 


= 10.6 (g./min.) 


Fig. 10 presents the measured mass-pumping 
rate of water vapour, measured by the actual rate of 
loss from the boiler, plotted against the pump inlet 
pressure. It shows, at the critical inlet pressure 
indicated in Fig. 8, an actual pumping rate of 
9.5 g./min. 

In view of the many uncertainties in applying 
the equation the error of just over 10% is not 
unreasonable. More comparisons of calculated and 
measured critical flow rates on different pumps are 
given later on and the equation is shown to be 
generally quite useful, particularly since pumping 
at mass vapour flow rates higher than the maximum 
for no condensation does not lead to progressively 


accumulating contamination. The dashed line on 
Fig. 10 is the mass flow rate as calculated from the 
inlet pressure and the measured pump speed. The 
latter is a little higher than the rated 450 1./min. 
on the particular pump used. Agreement with the 
‘practical’ line is reasonably close. 

The pump used in the above tests was capable 
of being water-cooled and a repeat test was carried 
out with the pump temperature held at 45°C. 

The derived curve of equilibrium contamination 
level against vapour inlet pressure (Fig. 11) shows 
that condensation occurs at inlet pressures above 
about 4.7 mm. Hg, and the contamination level 
rises quite fast when this inlet vapour pressure is 
exceeded. Comparison with Fig. 8 (for the same 
pump run hot) demonstrates the very great value 
of high pump temperature in increasing the vapour 
handling capacity of gas ballast pumps. 

In this case Equ. 4 predicts a mass flow rate of 
2.36 g./min. as the limiting flow rate for no con- 
densation, whereas the experimentally found rate 
(corresponding to the measured pumping speed at 
an inlet pressure of 4.7 mm. Hg) was 2.16 g./min. 
representing slightly better agreement with theory 
than in the case of 70°C pump temperature. 


Single Stage Pump—Oil-Soluble Vapours 


The special difficulties when pumping oil-soluble 
vapours have already been discussed. It should be 
remembered that contamination by direct solution 
is likely to begin immediately the vapour comes in 
contact with the pump oil and also that, with the 
trichlorethylene vapour selected for these tests—as 
with many other vapours in this class—the satura- 
tion vapour pressure at the temperature of a hot 
gas ballast pump is high enough to render con- 
densation in the pump unlikely while the ballast is 
flowing, throughout nearly all the test runs. No 
sudden ‘condensation point’ is therefore likely to 
be encountered. 

Some results for the same pump as has been 
discussed before, running at about 75°C, are briefly 
presented below. 

Contamination readings were taken in this case 
on a ‘Vacustat’ (miniature McLeod) gauge and the 
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_ Fig. 10. Mass pumping rate for water vapour plotted 
against vapour inlet pressure for 1SC450 pump. 


mercury manometer since the Pirani gauge cali- 
bration with the heavy vapour was unknown. The 
‘Vacustat’ proved reliable over the pressure range 
where it was used since the volatile vapour was not 
compressed to condensation point in the gauge. 
At a later stage the Pirani gauge was calibrated 
against the ‘Vacustat’ for trichlorethylene vapour, 
and the readings were found to correspond well 
at pressures below about 0.3 mm. Hg. 

Fig. 12 illustrates what happened when vapour 
was pumped at a steady inlet pressure of 4 mm. Hg 
with no gas ballast. The pump merely became 
contaminated until its ultimate was 4 mm. Hg and 
then the pumping ceased. 

Fig. 13 is a group of ‘contamination pressure’- 
time curves for a number of steady vapour loads 
with gas ballast in use and Fig. 14 is the ‘contami- 
nation equilibrium pressure’-inlet vapour pressure 
curve derived from Fig. 13. and from extra tests 
at higher inlet pressures than are shown in the 
latter Figure. 

Up to an inlet vapour pressure of 10 mm. Hg 
the contamination equilibrium pressure, though 
considerable, never exceeds 20°, of the inlet 
pressure. Above this inlet pressure the contami- 
nation equilibrium rises more rapidly until at 40 
mm. Hg inlet pressure it is more than 50%. 

Trichlorethylene vapour is very dense. Its 
molecular weight is 131.4 compared with 18 for 
water. Thus, at 10 mm. Hg inlet pressure, a greater 
mass per minute of trichlorethylene vapour was 
being pumped than of water vapour at 40 mm. Hg 
inlet pressure. During the 60 minutes when 
trichlorethylene vapour was pumped at 40 mm. Hg 
inlet pressure over 4000 grams passed through the 
pump. This is over five times the mass of the pump’s 
oil charge (720 g.). Yet 40 minutes purging sub- 


Fig. 11. Equilibrium contamination pressure—vapour 
inlet pressure curve obtained under the same conditions 
as in Fig. 8, except that the pump temperature was 45°C. 
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Fig. 12. Contamina- 
tion pressure—time curve 
for 1SC450 pump pump- 
ing trichlorethylene vapour 
at a steady inlet pressure 
of 4 mm. Hg with no gas 
ballast flow except at the 
end of the test. 
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Fig. 13. Contamination 
pressure—time curves for 
1SC450 pump running at 
75°C with 43 1./min ballast 
flow, pumping trichlorethy- 
lene vapour at various steady 
inlet pressures. 
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Fig. 14. Equilibrium con- 
tamination pressure—vapour in- 
let pressure curve derived from 
Fig. 13 and from some additional 
test runs. 
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stantially cleared contamination and after a further 
40 minutes the initial ultimate was almost completely 
restored. 

Fig. 15 compares the theoretical mass pumping 
rates, calculated from inlet pressure and rated pump 
speed, with the practical rates obtained from the 
observed drop in boiler level. Over 
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that the release of gases and vapours in the high 
vacuum stage is reduced, and much better vacuum 
can be obtained, even with the oil in the reservoir 
contaminated with volatiles, than would be possible 
in a single-stage pump. 

Similar tests to those already discussed were 


80% of the theoretical mass pump- 
ing rate is obtained up to a vapour 


inlet pressure of about 8 mm. i 
Hg but at an inlet vapour pressure it 
of 40 mm. Hg the contamination 5 , 
pressure rises to about half the inlet & 
pressure—and about half the theo- 
retical mass pumping rate is 
obtained. z By, 
Why the contamination equili- 3 & 
brium pressure should rise so 30F 
rapidly at inlet vapour pressures 3 
above about 10 mm. Hg has not 20+ x 
been investigated. At these high 
inlet pressures the amount of iob 
trichlorethylene which dissolves in 
oil before equilibrium is reached is ‘ 
10 20 30 40 


very great so that the characteristics 


VAPOUR INLET PRESSURE (mm Hq) 


of the oil are drastically modified 
quite apart from vapour pressure 
effects and a number of different reasons for the 
observed loss of pumping efficiency could be 
advanced. 


Small Two-Stage Pump—Insoluble Vapours 


A common arrangement in two-stage pumps is 
for the oil from the main reservoir to be fed to the 
low vacuum stage only. The high vacuum stage 
then relies for lubrication upon some of the oil in 
the low vacuum stage working along the centre 
bearing between the stages. Any excess of oil 
accumulating in the high vacuum stage is thrown 
out into the inter-stage pumping duct and drains 
back to the low vacuum stage. 

With this arrangement the oil flow into the high 
vacuum stage is restricted in magnitude, and the 
oil itself experiences some degree of pre-degassing 
and volatile-stripping in the low vacuum stage, so 


* Speedivac 2SC50. 


Fig. 15. Experimental mass pumping rate for 
trichlorethylene vapour obtained with the 1SC450 
pump plotted against vapour inlet pressure and 
compared with the rate calculated on the basis 
of pump displacement. 


carried out in a small two-stage pump of about 
50 1./min. displacement, and having the oiling 
arrangement described above*. The pump was of 
the ‘box’ type, the stator being oil-immersed in the 
oil reservoir. 

The contamination pressure—time, and contamin- 
ation equilibrium pressure—inlet vapour pressure 
curves pumping water v2pour are shown in Figs. 16 
and 17. The inlet pressure at which condensation 
during compression begins, found by taking tangents 
on Figs. 17, is 8.75 mm.Hg. Equ. 4, modified to 
yield results in terms of inlet pressure, predicts a 
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value of 8.95 mm. Hg. The improved agreement 
between practical and theoretical results may be due 
to the more definite pump temperature readings 
possible in this than in the previous case. 

Even with an inlet vapour pressure as high as 
30 mm. Hg, contamination equilibrium does not 
exceed 0.4mm. Hg. This is about the same result as 
that obtained with the larger single-stage pump 
discussed earlier, run at 70°C, though the con- 
centration of water in the oil of the two-stage pump 
(which ran at only 50°C) must have been much 
greater. The stripping action of the low vacuum 
stage on the oil-feed to the high vacuum stage has 
about compensated for the earlier condensation 
in the two-stage pump. 


Small Two-Stage Pump—Oil-Soluble Vapours 


Figs. 18 and 19 (solid line) illustrate the per- 
formance of the same pump, pumping trichlor- 
ethylene vapour. The stripping action of the low 
vacuum stage on the oil-feed has been most effective 
in this case. An ultimate of 1 mm. Hg, read on the 
manometer, could be maintained with an inlet 
vapour pressure of 40 mm. Hg. This should be 
compared with the results for the single-stage pump 
(Figs. 13 and 14). The much slower attainment of 
equilibrium with the two-stage pump is also worth 
noting. 

When trichlorethylene vapour was pumped 
without any gas ballast flow in the two-stage pump, 
the contamination pressure rose continuously, as 
would be expected, but not nearly so fast as in a 
single-stage pump. Presumably contamination 
pressure would eventually have risen to equal inlet 
pressure. However, the test was discontinued after 
5 hours. The results are plotted in Fig. 20, and 
considering that the pump at the end of the test has 
about 150 to 200 g. of trichlorethylene dissolved in 
its 1,350 g. oil charge, the results illustrate well the 
effects of the stripping action of the rough stage 
on the fine stage oil supply. 

Oil Re-Circulating Device. In certain types of two- 
stage pump, a shaft seal is provided in the centre 
bearing between the stages, to restrict even more 
severely the rate of oil flow into the high vacuum 


stage which has to rely for lubrication on oil from 
the reservoir ‘flooding’ the pump periodically when 
the pump is stopped, and on any small flow past 
the shaft seal. When such a pump is running, a 
small and discrete quantity of oil tends to remain 
isolated in the high vacuum stage apart from any 
small continuous feed due to seepage past the shaft 
seal, which would not be expected to be quite 
leak-tight with oil both sides of it?, and consequent 
loss via the inter-stage pumping duct. This small 
oil quantity, being constantly exposed to the strip- 
ping action due to the pump temperature in com- 
bination with the pumping of the low vacuum 
stage through the transfer duct, would be expected 
to become relatively contaminant-free, which should 
make possible a relatively good ultimate vacuum, 
even though the oil in the main reservoir is severely 
contaminated. 

The advisability of providing inter-stage shaft 
seals may be questioned on several counts, one of 
these being the possibility that, when a high flow 
of gas or vapour is being pumped, oil will be carried 
from the high vacuum stage faster than it can be 
replaced by seepage through the seal and seizure 
or scuffing will result. As an alternative, a simple 
system of oil ducting has been devised* to isolate 
and continuously re-circulate a discrete quantity 
of oil in the high vacuum stage without further feed 
from the low vacuum stage provided a certain 
minimum quantity of oil is present, but to provide 
for resumed feed from the low vacuum stage 
whenever any oil loss causes the high vacuum stage 
oil charge to fall below this minimum. No shaft 
seal is involved, but the same advantages with 
regard to performance with the main reservoir 
contaminated would be expected as with an inter- 
stage shaft seal. 

This re-circulating device has been provided in a 
later mark} of the same pump as was used for the 
last test described, and the results of water vapour 
pumping tests, indicated by the dotted line in Fig. 17 
are exactly parallel to those indicated by the solid 
line for the earlier mark of pump. 


* British Patent Application No. 23504/55 
+ 2SC50A 
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Fig. 16. Contamination pressure—time curve for 2-stage pump 2SCs5o0 running at 50°C with 6 1./min. 


gas ballast flow pumping trichlorethylene vapour at various steady inlet pressures. 


Fig. 17. Equilibrium contamination pressure—vapour inlet pressure curves for the 2SCs50 pump (derived from 
Fig. 16) and for a similar pump (2SC50A) incorporating an oil re-circulating device for the high vacuum stage. 
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The contamination equilibrium pressure remains 
below 0.05 mm.Hg for vapour inlet pressures up to 
30 mm.Hg and even at 40 mm.Hg inlet pressure 
it is only 0.16 mm.Hg. The sharp upward bend 
in the dotted curves of Fig. 17 does not occur till 
the vapour inlet pressure is more than three times 
that where condensation probably begins in the low 
vacuum stage, and during the test runs at the higher 
inlet pressures the oil in the reservoir was so heavily 
water-contaminated that it had the appearance of an 
emulsion and its level was considerably increased. 

At high vapour inlet pressures, the rush of vapour 
through the pump may be sufficient to carry sub- 
stantial amounts of oil out of the high vacuum 
stage into the low vacuum stage. The automatic 
arrangements for replenishing the high vacuum 
stage oil supply would then come into play, but the 
make-up oil coming into the high vacuum stage 
would of course be severely contaminated. This is 
a possible explanation why the dotted curve does 
eventually bend sharply upwards. 

Tests pumping trichlorethylene vapour with the 
pump having the re-circulating device yielded the 
contamination equilibrium pressure—vapour inlet 
pressure curve shown dotted in Fig. 19, which 
compares favourably with the curve for the earlier 
pump without the device. 

It should be recalled that ‘contamination pressures’ 
discussed here are in no sense ‘Ultimate Pressures’ 
as ordinarily understood. ‘Ultimates’ in the normal 
usage of the term are taken after equilibrium has 
been finally reached when pumping a clean system, 
whereas contamination pressure is measured 4 
minutes after the pump, freshly exposed to vapour 
over its internal working surfaces, has been set to 
evacuate a severely contaminated inlet manifold, 
and is often taken while the pressure on the gauge 
is still visibly falling. In most cases ‘contamination 
pressure’, taken while the general level of contami- 
nation is stable (since the gas ballast valve is closed), 
appears to be a reasonable comparative indication of 
the state of the oil actually circulating in the pump 
when the vapour supply is interrupted. In a pump 
incorporating the re-circulating device, however, 
once the re-circulating system re-establishes itself 
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on valving-off the vapour inlet, the small quantity 
of oil in the high vacuum stage can purge itself 
independently of the oil in the main reservoir 
and (because of its small quantity) comparatively 
quickly even with no gas ballast flow. The contami- 
nation equilibrium pressure at high inlet vapour 
pressures, indicated by the dotted line in Fig. 17, is 
thus more than usually influenced by the arbitrarily 
selected interval of 4 minutes between valving-off 
and taking a reading. 

Mass-Pumping Rates. With both marks of 50 1./min. 
pump the measured pumping rates with water 
vapour correspond approximately to the full 
theoretical rates calculated from pump displace- 
ment and inlet vapour density. With trichlor- 
ethylene vapour, however, only about 70%, and 
50°, of the theoretical rates were obtained with 
the earlier and later marks of pump respectively. 
This was probably due to severe local contamination 
by the highly solvent vapour of the oil films actually 
within the stators of the pumps while vapour was 
being pumped. This contamination would provide 
a considerable ‘back-pressure’ during the actual 
pumping operation but would rapidly disperse when 
vapour pumping ceased. 

The effect is obviously likely to be more severe 
in small pumps than in large pumps, owing to the 
less favourable ratio of oil-film covered surfaces 
to volumetric displacement, and is likely also to be 
more severe in cool running pumps than in hot 
running pumps. It will be shown later that it 
occurs in single-stage pumps as well as in two- 
stage pumps. 

Whether the different mass pumping rates 
achieved with solvent vapour by the two pumps 
being discussed were connected with the presence 
of the re-circulating device in one, or were occasion- 
ed by different oil film thicknesses due to manu- 
facturing tolerances or by some other cause, was 
not investigated, but the next group of results to be 
presented show that with a larger and hotter 
running pump (which incidentally incorporates the 
re-circulating device) the difference between theore- 
tical and ‘practical’ mass pumping rates is much 
smaller. 
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Fig. 18. Contamination pressure—time curves for 
2SCs50 pump running at 50°C with 6 |./min. gas ballast 
flow pumping trichlorethylene vapour at various steady 
inlet pressures. 


device for the high vacuum stage. 


Fig. 19. Equilibrium contamination pressure—vapour inlet pressure curve derived from Fig. 18 for a 2-stage 
(2SCs50) pump pumping trichlorethylene vapour and also for a similar pump (2SC50A) incorporating an oil-recirculating 


Fig. 20. Contamination pressure—time curve for 2- 
stage (2SC50) pump pumping trichlorethylene vapour at a 
steady-inlet pressure of 5 mm. Hg with no gas ballast flow. 


PUMPING AT STEADY INLET VAPOUR PRESSURE 


) 


(mm Hq) 


OF 


~ 


mm Hq WITH NO GAS BALLAST 


2SC50A_ 


° 


CONTAMINATION EQUILIBRIUM PRESSURE 


40 


10 20 30 
VAPOUR INLET PRESSURE (mm Hg) 


CONTAMINATION PRESSURE (mm Hg 


0 100 200 300 
TIME (MINUTES) 


INDICATED STEADY 
mm 
sO Lee) sO 
Vol. 
1955 
q 
2SC50 
0°5 
> 
j 
53 


B. D. POWER AND R. A. KENNA 


PUMPING AT INDICATED STEADY INLET VAPOUR PRESSURES. PURGING WITH INLET 
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Fig. 21. (Left) Contamination pressure—time curves for 150 1./min. displacement 2-stage pump (2SC150A) having 
an oil re-circulation device for the high vacuum stage running with a gas ballast flow of 15 1./min. and a temperature 
of 70-73 C, pumping water vapour at various steady inlet pressures. 


Fig. 22. (Right) Equilibrium contamination pressure—vapour inlet pressure curve derived from Fig. 21. 


Larger Two-Stage Pump—Insoluble Vapours 


These results illustrate the excellent vapour 
pumping performance possible with a two-stage 
pump running hot and having the re-circulating 
device. The pump was an oil-immersed box type 
having 150 1./min. displacement, and a running 
temperature with full gas ballast of just over 70°C*. 
Contamination pressure—time curves are presented 
for water vapour in Fig. 21 and the contamination 
equilibrium—inlet pressure curve in Fig. 22. The 
very low pressure obtainable very shortly after 


* Speedivac 2SC150A. 


pumping vapour at the high inlet pressure of 25 
mm. Hg is remarkable. The bend on the curve of 
Fig. 22 which is normally taken to indicate the 
beginning of condensation on compression suggests 
a critical inlet pressure for no condensation of about 
28 mm. Hg. This may be compared with the 
calculated value (using Equ. 4) of 25 mm. Hg but 
in this case it is uncertain whether the re-circulating 
device ceasing to protect the high vacuum stage or 
the beginning of condensation in the pump is 
responsible for the sharp bend. 

The dotted decontamination line associated with 
the 30 mm. Hg curve of Fig. 21 shows the effect 
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Fig. 23. (Left) Equilibrium contamination pressure—vapour inlet pressure curve for 2-stage (2SC150A) pump 
incorporating an oil re-circulating device for the high vacuum stage and pumping trichlorethylene vapour. Pump 


Fig. 24. (Right) Experimental mass pumping rates for water and trichlorethylene vapours obtained with 2SC1s50A 
pump plotted against inlet vapour pressures and compared with rates calculated on the basis of pump displacement. 


of purging without gas ballast and illustrates how 
the re-circulating device can purge the high vacuum 
stage oil, even when the oil in the main reservoir 
is contaminated. 


Larger Two-Stage Pump—Oil Soluble Vapours 


The contamination equilibrium pressure against 
vapour inlet pressure curve, when pumping 
trichlorethylene, is given in Fig. 23. A vacuum of 
less than 0.3 of a millimeter can be produced very 
shortly after pumping the highly solvent vapour 
at a pressure of 22 mm. Hg corresponding to an 
in-flow of about 20 g./min. This curve should be 
compared with Fig. 14 for the single-stage pump. 
Mass-Pumping Rates. The comparison of ‘theoretical’ 
and practical mass pumping rates with trichlor- 
ethylene vapour in Fig. 24 illustrates a reasonably 
close correspondence much better than that ob- 


tained with the cooler running 50 |./min. pumps 
discussed last. ‘Theoretical’ and practical water 
vapour pumping rates, also compared in Fig. 24, 
agree even more closely. Fig. 24 should be com- 
pared with Fig. 15 for the single-stage pump. 


Other Experimental Results 


Pumping of Ethyl Alcohol Vapour. Fig. 25 summari- 
ses the results of tests with ethyl alcohol vapour in 
the single-stage 450 1./min. pump, using various 
gas ballast flows. The contamination equilibrium— 
inlet vapour pressure curves reveal a behaviour simi- 
lar to water rather than to trichlorethylene and this 
accords with the comparative insolubility of alcohol 
in oil. 

The pump was not allowed to develop its full 
working temperature of 70°C but even so the 
alcohol which has a boiling point of 78.5°C could 
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Fig. 25. Equilibrium contamination pressure-vapour inlet pressure curves for single-stage 1SC450 pump, pumping 
ethyl alcohol vapour and employing various gas ballast flows. The pump temperature was approximately 52°C through- 
out. The vertical arrows indicate those pressures above which condensation in the pump would be expected to begin 
as predicted by Equ. 1 for the various gas ballast flows. 


Fig. 26. Equilibrium contamination pressure—vapour inlet pressure curves for single-stage 30 1./min. displacement 
pump (1SC30) employing 4 1./min. gas ballast flow at a pump temperature of 50°C (trichlorethylene and water) and 
40°C (Freon 22). 
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At higher pumping rates or when pumping oil- 


be pumped at about 26 mm.Hg inlet pressure 
soluble vapours only qualitative predictions appear 


without condensing in the pump. 


The vertical arrows in Fig. 25 correspond to the possible. Performance may well vary quantitatively 
limiting inlet pressures for no condensation calcu- even between pumps of identical type for various 
lated from Equ. 1, no humidity correction being reasons, for instance because differences in dimen- 
necessary, and agree reasonably well with the sions within the allowable tolerances can lead to 
experimental points where the tangents would large differences in the rates of oil circulation. 
intersect. The experimental results suggest :— 

Practically obtained mass pumping rates were (1) Equations 1 to 4 do approximately indicate 
found to agree very closely with the ‘theoretical’ the limiting pumping rate for oil-insoluble 
rates calculated from pump displacement and inlet vapours if condensation in the pump is to 
vapour density over the whole range of inlet vapour be avoided. 
pressures used. (2) If a gas ballast pump is set to pump in- 
Some Results with a Small Single-Stage Pump. Fig. soluble vapours at a rate exceeding the 


no condensation limit then equilibrium is 
soon established with the ballast gas carry- 


26 compares the contamination equilibrium pressure 
—inlet vapour pressure curves for water, trichlor- 


ethylene (Boiling point: 86.7°C) and ‘Freon 22’ ing out the fluid being pumped at its full 
(difluorodichloromethane, CCI,F;, (boiling point rate of entry. Even if the limiting rate for 
—29.8°C) in a small pump of 30 |.min. displacement* no condensation is considerably exceeded, 
running at 50°C. Accurate mass-pumping rates pump contamination is likely to remain 


moderate and approximately the full theo- 
retical pumping rate, based on inlet pressure 
and the normal speed of the pump at that 


were not easy to measure with the apparatus 
employed because of the very small differences in 
boiler-liquid level involved. Measurements in- 
dicated, however, that the practical mass-pumping pressure, is likely to be obtained. 
rate with trichlorethylene vapour varied between (3) When oil-soluble vapours are pumped some 
about one-sixth and one-third of the rate calculated oil contamination is inevitable, but equili- 
on the basis of pump displacement over the range brium is soon established with the ballast 
of pressures of the tests. gas carrying out the fluid being pumped at 
This represents a ratio of ‘practical to theoretical’ its full rate of entry. In this case, however, 
rate considerably inferior even to the rather low only a proportion of the full theoretical 
ratios obtained with the two-stage 50 1./min. pumps mass pumping rate at any particular inlet 
when pumping the same vapour and suggest that pressure is likely to be obtained. Factors 
small comparatively cool running pumps, whether tending to make this proportion high are a 
single or two-stage types, must be expected to pump high pump temperature, a large pump 


highly oil-soluble vapours at considerably less than displacement and a low inlet vapour pressure. 
the calculated rate. It tends to be low with small, cool-running 


pumps. 

(4) Although two-stage pumps are naturally 

CONCLUSIONS able to achieve lower ultimate pressures 
Gunenitive. predictions of vapour pumping with contaminated oil than can single-stage 
characteristics seem only to be possible with regard 
to the limiting pumping rate for no condensation 
of a two-stage pump does not guarantee 
that a high proportion of the theoretical 


mass-pumping rate will be achieved when 
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pumping solvent vapours. 

(5) High pump temperature is of very great 
assistance when vapour-pumping, and pumps 
on heavy vapour-pumping duties should be 
allowed to warm up before use. 

The practical implications of using oil-sealed 
rotary pumps for pumping vapour in large quantity 
must be remembered. Some of the pumps used in the 
experiments described above were run for long 
periods with their oil visibly emulsified with water 
and in other cases large quantities of trichlor- 
ethylene were dissolved in the oil causing a very 
great drop in oil viscosity. 

Even though the experimental pumps all remain 
in serviceable condition, it is probably wise to 
regard the abilities to handle gross vapour loads as a 
useful insurance against occasional over-load, as 
may exist for example at the beginning of a drying 
cycle, and to rely on other means, for instance 
pump-condenser combinations, for meeting con- 
tinuous very severe vapour pumping duties. It is 


also advisable to purge a pump completely by gas 
ballast directly after it has been used on duties 
involving oil contamination, as a protection against 
rusting or other attack. 

Where severe conditions of contamination are 
encountered, the use should be considered of an 
oil containing suitable additives which help to 
protect the pump. Such inhibited oils are useful 
against corrosion by water and air, and by acid and 
alkali vapours, and can also be given ‘anti-scuffing’ 
properties to reduce the risk of seizure should a 
lubricating film break down, for example due to 
thinning by an oil soluble contaminant. The 
indiscriminate use of additive-bearing oils should be 
avoided since some types of additive may have an 
undesirably high vapour pressure. 


We wish to record our gratitude to Mr. A. S. D. 
Barrett, Technical Director of Edwards High 
Vacuum Ltd., for granting permission to publish 
this article. 
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Summary 


THE PHYSICS of the working principle of the vapour pump 
are discussed in the light of present-day knowledge. Firstly, 
the conditions obtaining in the beam of the vaporised pump 
fluid are examined with particular reference to the com- 
pression mechanism in the fore vacuum area. Secondly, a 
study is made of the diffusion mechanism of the gas 
pumped, in particular its ability to penetrate the vapour 
beam and the factors which govern pumping speed. It 
follows a discussion of the operational conditions in the 
diffusion and jet pump, giving at the same time an indica- 
tion of their relative ranges of application. Finally, special 
aspects related to the use of oil in diffusion pumps are 
treated at length, in particular the problem of ultimate 
pressures and backstreaming. The article concludes with 
some remarks on the future prospects of the diffusion pump. 
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Sommaire 


DISCUSSION SUR les phénoménes physiques connus jusqu’a 
présent sur le principe de fonctionnement des pompes a 
vapeur. Premiérement on examine les conditions obtenues 
dans le jet de fluide vaporisé, en se référant particuliérement 
au mécanisme de compression dans la partie vide primaire 
de la pompe. Deuxi¢mement, on étudie le mécanisme de 
diffusion des gaz pompés, en particulier leur propriété de 
pénétrer dans le jet de vapeur, et les facteurs qui gouvernent 
la vitesse de pompage. Ensuite, on discute les conditions de 
fontionnement des pompes 4 diffusion et 4 jet de vapeur, 
donnant en méme temps un apercu des différents domaines 
d’application. Finalement, on traite longuement l’emploi 
de Vhuile dans les pompes a diffusion en particulier, le 
probleme de la pression la plus basse, pouvant étre obtenue 
ainsi que de la remontée de vapeur. L’article se termine 
par quelques remarques sur les possibilités futures des 
pompes a diffusion. 


INTRODUCTION 


The diffusion pump of today can be considered as 
of mature design, z.e. the capacity of the pump 
comes very close to theoretical expectations. In spite 
of this, while much effort is spent on the mastery of 
all relevant engineering problems, research into the 
physics of the pump still persists. As in other 
fields of technology, only a thorough understand- 
ing of the physical phenomena involved will ensure 
substantial improvements. This applied when this 
pumping technique was new, and is still applicable 
today. In fact, research is even more imperative 
now that we have reached the stage where everything 
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depends on giving attention to fine detail in order to 
perfect these pumps. 

Gaede! was the first to realise that a jet formed 
from vapour sustained at comparatively high 
pressure can be instrumental in displacing gases 
present at a substantially lower pressure. In short 
this means that gas molecules present in a region of 
low total pressure leave that region and enter a 
region of higher totai pressure, the latter being 
represented by the vapour jet in this case. At first 
one would feel inclined to treat this phenomenon as a 
freak but, in fact, the gases subjected to this form of 
pumping action behave quite ‘normally’ when enter- 
ing the body of the vapour jet, because the latter is 
initially free from gases and thus—in terms of partial 
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Fig. 1. Dia- 
grammatic view of 
single-stage vapour 
pump. Legend: (a) 
Boiler, (6) Vapour 
tube, (c) Nozzle, 
(d) Mixing area, 
(e) Inlet,(f) Backing 
space, (g) Cooling 
jacket, (h) Flange 
for backing pump. 


pressure—the gas molecules diffuse from a region of 


low pressure to a region of even lower pressure. This 
is the interpretation of events arrived at by Gaede 
himself and this basic conception enabled him to 
establish at that early stage some of the essential 
characteristics of the diffusion pump. But any 
quantitative results of his investigations apply essen- 
tially to operating conditions in the very first designs 
of this pump, where the diffusion of the gas could 
be followed comparatively easily because the inlet 
opening of the pump was small and the mercury 
vapour jet was moving at low speeds. 

A great improvement in the capacity of the pump 
was obtained after arrangements had been made for 
the vapour jet to travel at high speed, 7.e. at super- 
sonic speed. The use of supersonic speeds is 
advantageous in two respects: Firstly, it makes it 
possible to employ large inlet openings and thus 
facilitates unobstructed access of the air to the jet, 
and, secondly, it ensures fast removal of all air which 
has penetrated into the jet, to the fore vacuum region. 

These features which, on the face of it, are almost 
identical to those characterising the ‘ejector’ pumps 


(already well known at that time) still today essen- 
tially determine the design of diffusion pumps, 
booster pumps and jet pumps, see Fig. 1. More 
recent investigations, all based on Gaede’s original 
conceptions, into the working of modern types of 
pumps have led to the clarification of a great many 
of the processes occurring within such pumps. 
This was achieved primarily as a result of the success- 
ful study and evaluation of the geometry of the 
vapour beam by methodically applying the theory of 
gas dynamics on one hand and, in addition, by 
quantitatively determining the depth to which the 
entrained air penetrates into the vapour beam? ”. 


PHYSICS OF THE PUMPING ACTION 


Function of the Pumping Fluid 


In order to obtain settled running conditions in a 
vapour pump it is necessary to provide a heating 
load at the boiler which ensures that the pressure 
of the vaporised pump fluid in the boiler is main- 
tained at a value essentially higher than that prevail- 
ing in the fore vacuum area. Consequently this 
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pressure in the boiler must be substantially higher 
than that prevailing in the high vacuum space on the 
inlet side of the pump. This condition, according to 
the law of gas dynamics, is responsible for the super- 
sonic speeds acquired by the vapour beam on passing 
into the mixing chamber. 

The same discipline of science has made available 
various graphical methods of approximation for the 
determination of all data required to define any 
desired supersonic flow characteristics* 1°, 

By way of example Fig. 2 shows a typical graph 
defining the characteristics of a certain supersonic 
flow obtained by means of this so-called graphical 
method of gas-dynamic characteristics. From such a 
graph one can deduce the physical dimensions of the 
pump and the boiler pressures required to give a 
geometry of the vapour beam which ensures opera- 
tion of the pump to the desired classifications. 

The theory of gas dynamics is considered to apply 
to continuum conditions only, i.e. to short mean free 
paths. All experimental work to verify this theory 
has so far been carried out at pressures near atmos- 
pheric. However, the pressure region of the 
experimental work we are concerned with here 
is 10-* to a few mm. Hg which is the range of 
pressures prevailing in the vapour beam of dif- 
fusion and jet pumps and, while it was gener- 
ally accepted as probable, it had not been proved 
as a fact that the theory of gas dynamics is applic- 
able to pressure conditions as low as that. 

Verification of this point has been greatly assisted 
in the last few years by the development of labora- 
tory methods which, as a result of electrical dis- 
charge action, facilitate visual observation of 
mercury or oil vapour beams passing through 
evacuated space **®712. Supersonic flow patterns 
obtained in practice and recorded photograph- 
ically during such experiments were compared 
with supersonic flow patterns ‘designed’, by the 
graphical method described previously and pro- 
vided indisputable evidence that the theory of gas 
dynamics is also applicable to the low pressure region 
considered here. 

Moreover, methods which facilitate the visual 
observation of flow patterns of a beam have the 


additional advantage that any change in the pattern 
due to a change in operational conditions can be 
recognised at once. Fig. 3, for example, shows a 
series of photographs of the same beam of mercury 
vapour issuing from a Laval nozzle into evacuated 
space, indicating such changes in the flow pattern 
occasioned by modifications of the pressure in the 
evacuated space and variations of the pressure in the 
boiler. 

Another quality of the beam—no less important 
than its geometry—is its ability to facilitate a signifi- 
cant pressure rise at the sacrifice of speed when it 
enters the fore vacuum area and thus to compress the 
air entrained in the beam to the fore vacuum 


pressure. 
One may think that on entering the fore vacuum 


high vacuum 


fore vacuum 


Fig. 2. Flow characteristics of the vapour beam 
in a diffusion pump constructed by a graphical 
method. The beam issues from the annular 
nozzle. The pressure in the backing area is 
slightly smaller than the discharge pressure of 
the beam. The compression lines originating on 
the left beam boundary converge and produce a 
shock wave. The figures shown in the graph 
represent intermediate graphical results indicating 
pressures and flow line direction. (— -— - —- 
= expansion; = compression; 
= beam boundary; = shock wave). 
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P = 0.06 mm. Hg P = 0.7 mm. Hg 


Fig. 3. Mercury vapour jet (circular cross-section) at various stable boiler pressures Po and surrounding air 
pressures P. In the case of the latter being very low (10° mm. Hg), the expansion of the jet is not influenced by the 
surrounding gas. At the higher pressures (P = 0.06 and 0.7 mm. Hg) the beam formation is similar to that known from 
atmospheric pressure experiments. See, for instance, the centre picture in the upper line which indicates a bell-shaped 
expansion and shock wave along the beam boundary, a condition similar to that of gases arising after firing a gun. The 
picture on the extreme right of the bottom line is typical of a pulsating beam. 
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Fig. 4. The ratio of fore vacuum 
pressure Po to boiler pressure Po plotted | o7 


as a function of the beam expansion ratio 
P/Po at the lower end of the mixing area. 


If the expansion ratio is high, Po is 
lower than Po due to substantial losses 


sustained in the shock wave. P is 
the pressure measured in the wake of 


the shock wave’. 


area the pressure of the vapour 


° 
is restored to the value obtained a 


initially when vaporising the fluid ‘a 
in the boiler. This is not so, the 
reason being that losses are in- 
curred in the form of shock waves, | pp 
defined as sudden pressure rises io”! 
originating in the mixing area. / 


Calculations of vapour beams by 


graphical methods as well as photo- 

graphs prove the reality of such shock waves * * ® 7, 
According to the theory of gas dynamics, entropy 
rises in the shock waves exclude the possibility of the 
pressure in the beam reaching again the values of the 
pressure in the boiler, once shock waves have occur- 
red. Pressure losses are the greater, the larger the ex- 
pansion of the beam. Fig. 4 gives the ‘fore vacuum to 
boiler pressure’ ratio plotted as a function of the 
expansion ratio, 7.e. the ratio of the pressure along 
the beam to the pressure prevailing in the boiler. 
This graph makes it clear that a compromise is 
necessary, when designing a pump, between large 
expansion leading to high pumping speeds (as will 
be explained in greater detail below), and high fore 
vacuum pressure. In practice, however, high 
speeds and high fore vacuum pressures are equally 
important, and this condition can only be met by 
building multi-stage pumps, 7.e. pumps fitted with a 
high-vacuum and a fore-vacuum stage where the 
former is designed to operate at the desired high 
speed, and the latter operates at the required 
elevated pressure. 

The occurrence of shock waves as well as the 
conditions depicted generally in Fig. 4 have been 
assessed quantitatively with the help of pressure 
probes inserted into the body of an oil vapour beam’. 
Fig. 5 gives typical results obtained with this method. 


Fig. 5. Static and Pitot pressure measured 
along the axis of a vapour jet pump. See diagram- 
matic indication of the pump chamber. The 
sudden rise of the static pressure proves the 
presence of a shock wave’. 
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Mechanism of Air Entrainment 


In the previous section it was shown that calcula- 
tion of the geometry of the beam by methods based 
on the theory of gas dynamics facilitates the deter- 
mination of the pressure in the fore vacuum area‘. 
But these methods alone will not yield data defining 
properly the pumping action of the beam. In order 
to determine the suction capacity of a pump one has 
in addition to establish a suitable treatment of the 
diffusion process effecting the penetration of air in 
the vacuum beam’. 

Fig. 3 demonstrates that there is a relatively sharp 
boundary between vapour beam and surrounding 
vacuum space. Therefore, as a first step to the 
development of such a treatment, one can stipulate 
the existence of a layer separating off the beam from 
the surrounding vacuum space. Thus a system of 
co-ordinates (x, y) can be drawn with its origin in 
that layer, next to the mouth of the nozzle. The 
abscissa (x) of this system lies across the vapour 
beam and is perpendicular to the boundary layer 
at that point, and the co-ordinate (y) lies in the 
boundary layer itself and runs parallel to the vapour 
beam. The diffusion mechanism of the air pumped 
can then be expressed by the time-dependent diffu- 
sion equation as follows: 


dng 
(1) 


where 
ng = the particle density of air molecule and 


D = the diffusion coefficient. 


For normal operating conditions Equ. 1 can be 
solved to give 


No = the air density in the high vacuum area. 


Equ. 2 can be used to assess the depth of penetra- 


tion of the air in the vapour beam if it is stipulated 
that at a depth 6 in the beam, the density of the air is, 
say, 0.4 times the density of the air in the space 
surrounding the beam. Then 


8=06V 4Dt (3) 
If one substitutes 


Do 
D=— 
and further substitutes the time ¢ with the distance y 


from the nozzle and the vapour speed u, one obtains 


= 12 (4) 


Fig. 6 shows the depth of penetration of air into the 
beam at increasing distances y from the nozzle. 
Once the differential equation has been solved, it 
is possible to arrive at an expression which will 
determine the actual pumping speed. It is believed 
that in diffusion pumps operating at normal vapour 
pressures P all air molecules penetrating into the 
beam acquire an average speed equivalent to the 
beam speed u.* Assuming that these conditions 
apply, one obtains 
(5) 


S=ub(s- 1) 


where 
b = the width of the beam, e.g. the circumference 
of a cylindrical beam, 
(s—r) = the depth of the beam layer which 
carries entrained air to the fore vacuum space, 
see Fig. 6. 


r cannot be neglected and normally must not be 
made zero, as almost in every case the outer layers 
of the beam tend to backstream into the high 


vacuum space. 
The expression ub (s—r) in Equ. 5 represents 
the volume pumped. But only a fraction of this 


volume, given by 


* Florescu”* argues that the removal of the air by the 
beam does not only depend on beam speed u but also on the 
vapour pressure and the effective cross section of air and 
vapour molecules. In effect this would mean that on the 
average the air would travel at an appreciably lower speed. 
In the opinion of the author this can apply only to condi- 
tions at very small vapour pressures. 
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1 
(6) 


is filled with air molecules. Thus the actual pump- 
ing speed is determined by 


1{ 


r 


Magnitude of beam expansion and degree of 
mixing obtained in the pump are the factors which 
determine the specific performance characteristics 
of the diffusion and the jet pump, when operated at 
different high vacuum pressures. Typical speed 
curves for both types of vapour pump are plotted 
in the graph, Fig. 7. It will be seen that the diffusion 
pump has its highest speed when operating at very 
low pressures and that the speed is independent of 
pressure in that range. But if the inlet pressure 
rises beyond certain values, the speed drops rapidly. 
The jet pump (incidentally of roughly the same 
dimensions as the diffusion pump) shows a speed 
maximum in the form of a rather pronounced peak 
which, however, is only of restricted magnitude, at 
comparatively elevated inlet pressures. This differ- 
ence in performance is based essentially on the 
different pressures at which the vapour beams 
operate in the two pumps and thus in principle there 
is no reason why a vapour jet pump could not be 
employed as a diffusion pump. All that is required 
is a lower pressure in the vapour beam which can 
be provided by a suitable reduction of the heater 


load. 


TECHNICAL APPLICATION OF THE 
WORKING PRINCIPLE 


Diffusion Pump 

The sketches (a) to (h) in Fig. 7 are intended to 
illustrate the conditions just described, 7.e. the 
changes occurring in vapour pumps when the 
pressures on the inlet side vary. We begin the dis- 
cussion with a description of the conditions as they 
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Fig. 6. Penetration of the air into the vapour 
beam. The particle density of air molecules in 
the beam, mg=no(1-¢(x)), at four distances y from 
the mouth of the nozzle, y = 4, represents the 
whole distance to the lower end of the mixing 


area. The shaded area (f mg dx) is a measure of 


r 
the pumping speed. The air entering into the beam 
to a depth down to x = r backstreams, and there- 
fore does not contribute to the pumping action®. 


apply to operation at very low inlet pressures, see 
the extreme right of the graph. 

Fig. 7 (a). The pressure in the vapour beam is 
appreciably higher than that prevailing on the inlet 
side but is sufficiently low to permit air to penetrate 
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well into the body of the beam. The degree of 
mixing is very high, z.e. the density of the air 
entrained in, and surrounding, the beam is the same, 
when the beam has passed through the mixing 
chamber (m/n=1, see Equ. 5). A shock wave is 
generated in the area where the vapour beam hits 
the wall at the lower end of the mixing chamber but 
only little backstreaming of air occurs and by far 
the greater part of the air entrained by the beam 
passes into the fore vacuum area. Thus, the speed 
obtained is high. But this statement needs qualifica- 
tion. In practice, the full value of 


S=ub(s-r) ~uF (8) 


where 

u = speed of the vapour beam 

F = the cross sectional area of the beam when 

hitting the wall at the throat of the mixing 

chamber 
is not obtained at the inlet opening of the pump. 
The reason for this is the following. Air entering 
the pump through the inlet has to overcome the 
flow resistance W exerted in the narrow annular gap 
between the jet cap and the wall of the housing 
before it reaches the vapour beam, see position e and 
d respectively in Fig. 1. 

The area of this annular constriction is of about 

the same value as that of the cross section of the 


beam. Thus one can state 
1 1 
—=-—+W 
Substituting 


WV = 


4 
Ug 


where 


v, = the mean thermal speed of air 


and combining with Equ. 8, gives 

4 1+ (@,/4u) 
Jaeckel? investigated these conditions by means 
of models and his results confirmed the above 
formula. 


Fig. 7 (b). The inlet pressure is higher but the 
conditions in the upper part of the mixing area are 


(9) 


very much the same. As before, the air penetrates 
deeply into the body of the beam and the greater 
part of the entrained air is pumped through the 
whole of the mixing area and delivered to the fore 
vacuum region. The inlet pressure is still low 
enough to leave the vapour beam unaffected by the 
air surrounding it. But there are some changes. 
The amount of air pumped is larger than in case (a) 
and the pressure in the fore vacuum region has 
risen accordingly. The increased compression work 
required of the beam is supplied by an additional 
shock wave generated at the lower end of the mixing 
area. 

Fig. 7 (c). The inlet pressure is higher still and 
operational conditions have altered considerably. 
The shock waves present in the previous case have 
moved upwards as a result of the increased pressure 
rise at the lower end of the mixing area and the 
linear shock wave is no longer in contact with the 
wall. Through the intervening space large amounts 
of air can stream into the high vacuum area. Con- 
sequently the pumping speed is falling rapidly. 
Finally, the expansion of the beam emerging from 
the nozzle is noticeably reduced. 

Fig. 7 (d). The inlet pressure is now above 0.01 
mm. Hg. Pumping action has ceased altogether 
with the attendant result that there is no longer any 
appreciable differential between high vacuum and 
fore vacuum pressures. Due to the high pressure 
of the air surrounding the beam, beam expansion is 
restricted still further and the vapour beam flows 
through the mixing area at a large distance from the 
wall. All air conveyed by the beam can freely diffuse 
back to the high vacuum region. The speed of the 
pump is now identical with that of the fore vacuum 
pump. 

One may be led to believe that the situation would 
be remedied by reducing the diameter of the pump 
housing in the mixing region and thus ensure that 
contact is again made with the beam, in order to 
restore the pumping action at the high inlet pressures 
in question. This, however, would involve a further 
reduction of the sectional area F and consequently 
according to Equ. 9 an undue overall reduction of 
the speed S of the pump. 
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jet pump diffusion pump 


Fig. 7. Diagrammatic presentation of pump speeds and pumping processes 
at various inlet pressures indicating the range of the jet pump and the diffusion 
pump. The dotted area in the pump chambers is a measure of the air density. 
Flow is indicated by dashed lines; shock waves are shown in solid lines®. See 
page 66 of the text. 
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Fig. 8. Scales for the measurement of pump 
fluid vapour pressures. The material, the mole- 
cular weight of which is known, is vaporised in an 
electric oven and on issuing from the oven con- 
denses on the disc of the scale. The rate at which 
the condensate builds up is an indication of the 
vapour pressure. 


Fig. 9. Arrangement for the measurement of 
the ultimate pressure. Pump, baffle and measuring 
chamber, the latter fitted with an ionisation gauge, 
are brought to the desired temperature by means 
of the cooling coil shown?®. 
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Jet Pump 

The conditions demonstrated in Fig .7 (d) re- 
present the upper limit of the useful operation of 
diffusion pumps. This is at the same time the level 
of inlet pressures where the vapour jet pump 
becomes effective, see Fig. 7 (f) below. Therefore, 
we will now discuss performance conditions in the 
jet pump, proceeding in the same way as in the case 
of the diffusion pump, 7.e.’ we will consider first the 
lower end of the useful inlet pressure range. The 
pressure P of the vapour in the beam of a jet pump 
is appreciably higher than in the case of the diffusion 
pump. Therefore, according to Equ. 4, the air does 
not penetrate very deeply into the beam and the 
pumping speed is smaller, see Equ. 7. 

Fig. 7 (e). The inlet pressure is low. As a result 
the outer layers of the vapour beam tend to diverge 
appreciably and much of the air originally entrained 
in the beam will backstream to the high vacuum 
region. Only a small amount of air is passed through 
the whole of the mixing area and reaches the fore 
pressure region. Thus the pumping speed is very 
low. 

Fig. 7 (f). The inlet pressure is higher and, in 
fact, above that constituting the upper limit of the 
diffusion pump range. Due to the higher pressure 
of the surrounding air, expansion of the vapour 
beam is restricted and the outer layers of the beam 
hit the walls at an acute angle. This has the effect 
that less vapour backstreams in the direction of the 
high vacuum and the larger part of the air which has 
penetrated into the beam is conveyed to the fore 
vacuum region. The pressure in the fore-vacuum 
region has risen accordingly and compression to 
the higher pressure level is sustained by a linear 
shock wave. 

Fig. 7 (g). The inlet pressure is nearly 0.1 mm. 
Hg. The beam is constricted still further and hits 
the walls at the lower end of the mixing area at 
merely a glancing angle. Consequently backstream- 
ing is small and pumping speed is at its maxi- 
mum. Due to the high fore vacuum pressure the 
shock wave has moved upwards. 

Fig. 7 (h). The inlet pressure is in excess of 
0.1 mm. Hg. The shock wave has continued to move 
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upwards and is now no longer in contact with the 
walls in the mixing region. Consequently, as we 
have seen before, air can freely backstream from 
the fore vacuum to the high vacuum region and the 
pumping speed is falling off. 

At this stage conditions develop which are very 
similar to those encountered previously in the diffu- 
sion pump at the upper limit of the rated pressure. 
High vacuum and fore vacuum pressures tend to 
equalise. The beam passes through the whole of the 
mixing area without touching the walls because of 
the high pressure of the surrounding air and, at 
last, the pumping speed is approaching, and 
eventually becomes identical with, that of the fore 
pump. 

In special circumstances operation at high inlet 
pressures will produce a second speed maximum 
which may be of importance in certain industrial 
applications. 


SPECIAL ASPECTS OF OIL DIFFUSION 
PUMP OPERATION 


Ultimate Pressure 

Oil diffusion pumps employ pumping fluids 
which have a vapour pressure of the order of 10° 
mm. Hg at room temperature. This value is suffi- 
ciently low to be satisfactory in most applications. 
But in the early days of oil diffusion pumps it was 
found that no pump, whatever its design, would 
reach an ultimate pressure below 10° mm. Hg. This 
apparent failure of the pump was investigated by 
many workers!*!’ and was traced to be due to two 
factors: (a) air-calibrated ionisation gauges, if used 
for pressure measurement in oil diffusion pumps, 
give incorrect readings because they are particularly 
sensitive to organic vapours. (b) While the pump is 
running, some of the oil cracks and decomposition 
products form continuously, a part of which never 
leaves the pump. 

A good quantitative assessment of these condi- 
tions was made by Reich'® comparing the vapour 
pressure data of a pump fluid with the ultimate 
pressure obtained by the pump, and plotted as a 
function of the temperature on the baffle and in the 
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system. Fig. 8 shows the equipment employed by 
Reich for the measurement of the vapour pressure 
of the fluid’®. Fig. 9 depicts the arrangement for 
the measurement of the ultimate pressure, and Fig. 
10 is a typical graph showing the results of an investi- 
gation of a diffusion pump operated with Narcoil-40. 
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Fig. 10. Saturated vapour pressure of Nar- 
coil-40 measured by the instrument shown in Fig. 
8, and ultimate pressure measured by the arrange- 
ment in Fig. 9. Above 30°C the curves are 
parallel and related to each other by a factor 13. 
In order to obtain the Narcoil-40 vapour pressure 
the value indicated by the ionisation gauge 
(Fig. 9) has to be divided by 13. In the temperature 
range below 30°C the ultimate pressure curve 
shows a bend resulting from the presence of 
volatile, non-condensible contaminants. 


It can be seen that in the high temperature region 
the two curves run parallel and the distance between 
them is indicative of the factor, by which the value 
of the readings of the air-calibrated ionisation gauge 
have to be divided in order to determine the vapour 
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Fig. 11. Percentage content of volatile com- 
ponents in the vapour beam of a fractionating 
diffusion pump plotted as a function of the slot 
width between the boiler zones, 1—indicating 
fore vacuum, 2—intermediate vacuum, and 3— 
high vacuum stage. Prior to use the pump fluid 
contains 12% of the volatile component (Clophen). 
It can be seen that at large slot widths no sepa- 
ration takes place and all stages have a 26% 
volatile content of the vapour. Ata slot width = o 
separation is best, showing an improvement by 
the factor of 8.5 in the high vacuum stage, and an 
enrichment of up to 55% in the fore vacuum 
stage*4, 


pressure of the pump fluid. For the majority of 
fluids this factor is 13. In the high vacuum region 
the curve of the ultimate pressures no longer runs 
parallel to the vapour pressure curve, because at 
high vacuum the partial pressure of the volatile 
decomposition products present in the system is 
more substantial with respect to the total pressure 
in the system. 

The dissociation products are contaminants and 
behave like permanent gases which cannot be con- 
densed. Thus, means had to be found to prevent 
the decomposition products, and other volatile 
components which may act as poisonous agents in 
; many a vacuum process, from migrating through the 
pump inlet into the system. Modern pump designs 
embody really effective solutions to this problem 
but not so much as a result of one single measure, 
rather as the summary effect of a series of measures. 
Two of the principal measures adopted for the 
purpose are: (a) The use of construction materials 
which will minimise, generally, catalytical pheno- 
mena promoting dissociation of the pumping fluid, 
and (6) reduction of the thermal stress by providing 
for small heating loads per unit surface area of the 
liquid in the boiler. 

These two measures alone do not altogether 
eliminate cracking of the fluid. Further it must not 
be overlooked that contaminants originate in the 
system being pumped and that these contaminants 
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Fig. 13. Ultimate pressure obtained from 
oil diffusion pump plotted against the period 
elapsed after switching on the heater. 1—frac- 
tionation only, 2—self-purification only, 3—both 
operating principles combined. 
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III 


Fig. 12. Showing a three-stage fractionating oil diffusion pump. Effective fractionation can only be obtained by 
careful separation of the respective boiler zones. This is obtained by shaping the component resting on the pump base 
plate as shown (shaded). The lower jet cap is at the same height as the lower end of the cooling jacket. As a result, 
the oil flowing down the walls is warmed up facilitating degassing. 


are sucked into the pump. Finally, in many cases 
the fluid will not have been purified thoroughly 
enough prior to use, and fresh oil charged to the 
pump, more likely than not, will contain small 
amounts of volatile components. An important 
means of preventing effectively volatile components 
from reaching the high vacuum jet in the pump is 
the fractionation method. Baechler** measured the 


separation obtained in the various boiler zones of a 
3-stage pump under various operational conditions. 
He found that, while the quality of separation may be 
largely influenced by individual design, in no circum- 
stances will the over-all optimum value of separa- 
tion, given by the number of stages provided in the 
pump, be exceeded. This is in agreement with Hick- 
man’s findings*®. Fig. 11 shows the changes in con- 
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Fig. 14. Spec- 
trogram of the resi- 


dual atmosphere ob- 
tained by a modern 


oil diffusion pump, 
recorded with an 


omegatron mass 


spectrometer. The 
respective mass 


numbers are shown 
against each peak. 


Conditions of the 
test: Fluid: Nar- 


coil-40, baffle: 


water-cooled at 14° 
C, vacuum = 3 » 


10’ mm. Hg mea- 
sured by an ionisa- 


tion gauge. The 
system consisted of 


| 


a small metal recep- 
tacle fitted with 


| 


Perbunan joints. 


| 


by degassing is 


employed and, as 


centration of the light component in a fuel represent- 
ing a mixture of two components, observed at each 
of the three fractionation stages, when the width of 
the gap between two adjacent boiler zones is varied. 

As in the case of the measures discussed before, 
fractionation is not the complete answer to the prob- 
lem of preventing the volatile components of the 
fluid from reaching the high vacuum jet. An 
important complementary measure is the provision 
of the self-purification of the fluid during the 
operation of the pump'®. An exceptionally high 
degree of degassing can be obtained by shortening 
the cooling jacket of the pump housing in such a 
manner that it extends from the trap of the housing 
down to the level of the first-stage nozzle only*!, 
see Fig. 12. Then, the oil returning to the boiler 
in the form of a falling film along the inner wall of 
the pump is heated up at that point to a temperature 
of more than 100°C and liberates the contaminants 
in the fore vacuum region. Incidentally, this arrange- 
ment has the added advantage of economising 
appreciably with regard to heater load requirements. 

Fig. 13 shows the results obtained when only one 
of the two processes, fractionation or self-purification 


a comparison, the 
results obtained when both processes operate simul- 
taneously. It is clear from this graph that the com- 
bination of the two processes offers decided advant- 


ages. The ultimate pressures are lower and can be 
reached in less time than before. Also there is no 
fixed limit for the ultimate pressure except for the 
vapour pressure of the pump fluid. 

Research aiming at still further improvement of 
the ultimate pressures obtainable carries on un- 
abated. To quote an example, Reich has conducted 
an investigation into the composition of residual 
atmospheres at very low pressures with the help of an 
omegatron. But the results are not yet published. 
In this connection Fig. 14 may be of interest which 
shows a mass spectrum giving the composition of the 
residual atmosphere at ultimate diffusion pump 
pressures with Narcoil-40 as the pump fluid. 

Concluding the discussion on ultimate pressures 
obtainable with oil diffusion pumps it should be 
noted that, as a general measure in all cases where 
ultimate pressures below 10-7 mm. Hg are required, 
rubber and plastic seals should be avoided in the 
pump and the system*’. Fig. 15 shows a vacuum 
plant specially designed to facilitate operation at 
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Fig. 15. A pumping aggregate desig- 
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ned for ultimate pressures below 10°? mm. 
Hg. On the left is shown the diffusion pump 
of a speed of 700 litres per sec.; the baffle 
and the work chamber. On the right is 
shown the fore vacuum pump. The 
measuring instruments and the switching 
apparatus are mounted on a panel which is 
revolving round hinges and is shown in the 
working position. 


very low ultimate pressures. It con- 
sists of a work chamber, oil diffusion 
pump, water-cooled baffle and fore 
pump. The ultimate pressure obtain- 
able in the unit is of the order of 10-* 
mm. Hg. This proves that well 
designed modern oil diffusion pumps 
can be employed successfully for the 
purpose of obtaining pressures of the 
order of an ultra-high vacuum in 
metal systems. 


Backstreaming 


Another problem, essentially common to all types 
of diffusion pumps, is the phenomenon of back- 
streaming, 7.e. some of the vaporised pump fluid 
tends to migrate from the pump to the system. It 
follows a review of the measures available to check 
this phenomenon. 

Gas dynamic calculations show that the outer 
layer of the vapour beam issuing from underneath 
the upper jet cap and travelling in the direction of 
the fore vacuum region is turned away and migrates 
in the direction of the pump inlet. These theoretical 
considerations point to the fact that this condition 
applies in particular to organic pump fluids, 7.e. 
to the case of oil diffusion pumps. Treating the 
problem in terms of the kinetic theory yields sub- 
stantially the same result: According to Maxwell’s 
law of velocity distribution a certain number of 
molecules can be expected to move in the direction 
opposite to that of the molecules sustaining the 
pumping action, 7.e. in an upward direction. 

The oil diffusion pump has the important advant- 
age that it facilitates operation without refrigeration. 
Therefore, it appears worthwhile making the attempt 


to ensure maximum freedom from oil vapours in 
the system. In order to achieve this it will always 
be necessary to insert a baffle which can be water- 
cooled and should at least provide a satisfactory 
‘optical’ barrier between the pump and the system. 
Then, the vapour coming from the pump hits the 
baffle, condenses on it, drops off as a liquid and can 
be returned to the pump, see Fig. 16. 

In the ideal case the action of the baffle should 
have the effect that the vapour pressure in the 
system does not exceed the saturation vapour 
pressure of the fluid at the temperature of the baffle. 
As a matter of fact this condition can be realised in 
practice. But to ensure this, it is not enough to 
attempt stopping the passage of the oil by means of a 
simple ‘optical’ barrier. Effective overlapping of the 
baffle plates is required. The oil molecules back- 
streaming from the pump do not all move on 
a straight line. A certain number of them will 
be deflected from the main direction by a small 
angle and will move on a path which enables them 
to slip through or around the baffle and thus reach 
the system proper **°. The best design of a baffle is 
that which overlaps to a degree good enough to stop 
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backstreaming effectively, without producing an 
unnecessarily severe reduction of the pumping speed. 

The efficiency of a baffle can be tested by measur- 
ing the amount of oil which penetrates through the 
baffle. Such measurements are effected by means of 
a balance specially developed for the purpose.* A 
disc suspended from the balance beam is placed at 
the back of the baffle and is maintained at a tem- 
perature as near as possible to that of the baffle 
itself. This arrangement facilitates the determina- 
tion of backstreaming rates as low as 2.510% 
g./min. cm.?. According to Langmuir’s well-known 
formula this corresponds to a pressure of about 
510° mm. Hg, 2.e. it represents a backstreaming 


| 


Fig. 16. Baffle for an oil diffusion pump. The 
baffle plates are fitted to the lower flange and 
are cooled by a suitable refrigerant passing 
through the tubes shown. The refrigerant is 
usually normal tap water, but a cooling brine may 
be used for lower temperatures. Flange and 
housing are thermally isolated from the cooled 
components. 


rate which can be safely ignored in view of the fact 
that a saturated vapour pressure of 2 10° mm. Hg 
is the general limit in the system (Narcoil-40). 

A baffle will always be required where maximum 
freedom from oil in the system is the aim. But there 
are two considerations which make it desirable to 
tackle the problem by attempting to reduce back- 
streaming at the source, 7.e. in the pump itself: 
(a) It eases the task of the designer of baffles and 
(b) it makes it possible to operate the pump without 
any baffle where the need for safeguards against 
backstreaming is less stringent. 


* These measurements have been carried out by Schubert 
(not yet published). 


It was noticed that badly designed pumps issue 
more oil through the inlet than should be forth- 
coming from the vapour beam according to the 
mechanism described previously. This apparent 
discrepancy has been studied with the following 
results. Considerable quantities of oil will back- 
stream if oil vapour condenses on the inner wall of 
the jet cap. The liquid oil runs down to the edge of 
the cap and, under the influence of adhesive forces, 
creeps around the edge, eventually evaporating in 
the direction of the system from a point on the 
outer surface of the jet cap. This fault can be largely 
eliminated by a suitable design of the jet cap and 
by the use of good-quality heat-conducting materials 
for its construction. Where proper care is taken in 
designing the jet cap, the rate of backstreaming 
from the pump is of the order of a few 100ths 
mg./min. cm.?. 


FUTURE PROSPECTS OF THE DIFFUSION 
PUMP 


It is fitting to conclude this review by examining 
the question: What are the prospects of the diffusion 
pump? 

As far as the technical development of the pump 
itself is concerned the following can be said. 

No substantial increases in pumping speeds can 
be expected but there is still much room for improve- 
ment with respect to the ultimate pressures obtain- 
able. In this connection the possible discovery 
of new pumping fluids may contribute appreciably 
to further progress and a ‘come-back’ of the mercury 
pump fitted with refrigerated traps may exercise a 
considerable influence. Also, proper ‘engineering’ of 
the pump, 7.e. continued exploration of design detail 
aimed at improvement of pump performance will 
remain essential. To quote an important task 
coming under this category: The engineer should 
turn his attention to an examination of the ways and 
means which would minimise the adverse effects 
caused by atmospheric air entering the pump 
during a run. One interesting solution recently 
suggested provides for an arrangement which 
permits small containers such as television receiver 
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Fig.17.(Above) 
Oil diffusion pump 
of a speed of 2,000 
litres per sec. giving 
an ultimate pressure 
of less than 10° 
mm. Hg. 


Fig. 18. Large 
oil diffusion pump 
of particularly low 
overall height with 
a speed of 8,000 
litres per sec. 


Fig.19.(Above) 
Large oil diffusion 
pump of a capacity 
of 36,000 litres per 
sec. (Heraeus). 
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tubes to be evacuated by means of a valveless 
pumping unit. This is facilitated by roughing-down 
through the hot diffusion pump. 

Figs. 17, 18 and 19 show apparatus representa- 
tive of the present state of progress as far as Germany 
is concerned. 

Recent years have seen the evolution of new pump- 
ing principles and in some instances these develop- 
ments have been carried to the point that properly 
‘engineered’ pumps based on one or two of the new 
principles are now available commercially. In the 
pressure range of 10 mm.- 10 * mm. Hg, mechanical 
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Summary 


AN ACCOUNT IS GIVEN OF SOME PROBLEMS attached to the 
handling of mercury in large quantities. The account is 
based on personal experience by the author, and restricted 
to matters where the author has firsthand practical know- 
ledge. The toxicity and vapour pressure, as well as the 
mechanical and chemical behaviour of mercury, are dealt 
with, essentially from the point of view of the safety of the 
personnel. The general layout of mercury laboratories is 
discussed and mention is made of the special requirements 
with regard to plant and instrumentation, furniture and 
fire hazard equipment. Existing vapour detection apparatus 
is described in detail and a brief survey is given of the 
methods of flow measurement employed by the author. 
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Sommaire 


UN ARTICLE SUR LES PROBLEMES posés par la manutention de 
larges quantités de mercure. Cet article est basé sur 
Vexpérience personnelle de l’auteur et seulement sur les 
cas ol l’ateur a une connaissance pratique poussée. La 
toxicité et la tension de vapeur, de méme que le comporte- 
ment mécanique et chimique du mercure sont passés en 
revue spécialement du point de vue de la sauvegarde du 
personnel. On discute les plans de laboratoires de mercure, 
principalement l’appareillage, les instruments, l’équipe- 
ment, et la protection en cas d’incendie. On décrit en 
détail les appareils détecteur de vapeur existants, et une 
bréve mention est faite sur les méthodes de mesure d’écoule- 
ment employées par l’auteur. 


INTRODUCTION 


MERCURY IS one of the most familiar laboratory 
materials. In fact it is generally believed that there 
is little to say about it. This is so partly because 
familiarity breeds contempt and partly because of 
the way mercury occurs in the ordinary laboratory. 
The quantities involved are small and if the fluid 
moves at all, its motion is slow enough to preserve 
on its surface the typical dusty, greasy, oxide skin 
which reduces the vapour pressure of the mercury 
appreciably. Under these conditions, no serious 
health troubles are likely to arise. Besides, even 
if they should arise, particularly where the symptoms 
are of a nervous character, the general disregard for 
mercury as a health hazard would almost certainly 
lead to them being attributed to other causes, e.g. 
overwork. 


* M.S. received April, 1957. 


However, where mercury is used as a fluid rather 
than a flexible column of metal, in large quantities 
and with continual creation of a fresh surface, the 
story is different. It is such large-scale, long-term 
operations that are considered here, rather than 
occasional and intermittent usage. Where it appears 
as a chemical compound in industrial conditions, 
or is employed as a coolant or as a flowing amalgam 
cathode in electrolytic work, or where it is being 
mined, the hazards created by mercury can be 
fatal or crippling. Anyone who studies the history 
of mercury work will become acquainted with 
medical facts which henceforth should ensure his 
eager co-operation on any health measures applic- 
able in his own sphere of mercury work ’*. The 
problem of appreciating the difficulties is not exactly 
minimised by the fact that the hazards are not 


+ The article was completed before the author joined the 
above company. 
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readily recognisable. Normal laboratory or plant 
hazards make their presence felt rapidly, but the 
mercury worker can handle his material in large 
quantities for some time without noticing anything 
more than a nasty taste in his mouth. Only quite 
drastic mishaps will cause immediate discomfort. 

Health hazards are not the only problems arising 
in handling mercury. There are appreciable 
mechanical problems, some of which are also 
considered in this paper. 

The physical and chemical properties of mercury 
are well known, but not so well known are the effects 
of these properties on conditions in practical work. 
Handling mercury in large amounts is a rare ex- 
perience in laboratories and lack of experience can 
be dangerous when the scale of operations is en- 
larged. Thus, the purpose of these notes is to point 
out that a problem exists and to discuss methods 
available for dealing with it. 

It is always difficult when starting on a programme 
of mercury work not to proceed with ad hoc modi- 
fications to the laboratory as it stands, and hope for 
the best. The day of reckoning comes when 
apparatus or tools are found to be irretrievably 
contaminated or attacked by corrosion, when shoes 
or clothing have to be thrown away, when even 
neighbouring laboratories are found to be con- 
taminated, or when the health of the workers is 
affected. Personal equipment, watches, rings, etc. 
may also be ruined. The magnitude of the problem 
is such that it is obviously impossible to do more than 
give a comprehensive account of the difficulties as 
they occur, rather than a complete record of 
appropriate counter measures. But, with the general 
picture as presented in this article in mind, many 
errors can be avoided. 

There is a four-hundred page survey*® of mercury 
handling available in microcard form. Reading four- 
hundred pages on microcardsis no pleasure, but there 
is no finer record of work on mercury. It covers a 
period of more than fifty years. No one who expects 
‘to live with mercury’ for any appreciable period can 
afford to ignore it. No attempt is made in this paper 
to reproduce or summarise this collection of reports, 
but emphasis is given to those points embodied in 


that survey which have been confirmed by personal 
experience of the author. 


WHY IS THERE A MERCURY PROBLEM ? 


The answer to this question is determined by 
three main properties of the mercury :—its toxicity, 
its vapour pressure characteristics and its insolu- 
bility in safe fluids. 

Mercury vapour is poisonous. This is the funda- 
mental fact. 


The Health Hazard 


Mercury volatilises to a relatively high degree at 
room temperature and gives an equilibrium vapour 
pressure of approximately 1.3 « Hg (1.e. approxi- 
mately 10 mg. Hg/m* air). This is toxic* by the 
standards accepted in Germany, Great Britain and 
America. 

Tolerance Levels. There is no international agree- 
ment on what constitutes the tolerance level for 
continuous exposure * °, The German tolerance level 
is the lowest at 1 ug. Hg/m® of air. This constitutes 
1 part in 101°. The tolerance level operative in this 
country’ is 75 ug. Hg/m* and the corresponding 
American figure® is about 100 ug. Hg/m*. A good 
deal of the work on tolerance levels in Germany 
was carried out by Stock who was known to be 
hypersensitive to mercury vapour and this may 
account for the low tolerance figure in use in that 
country. For that matter anyone may prove to be 
hypersensitive. But whatever the ostensible reasons 
for fixing these tolerance levels—and they cannot 
be conclusive—the possibility cannot be excluded 
that they are determined by practical requirements. 
Personal experience of the author shows that, once 
handling of mercury has begun in a laboratory, 
it is difficult to keep the air burden below 75 ug. 
Hg/m*. In a specially designed laboratory it would 
be much easier to keep the air burden at a lower 
figure and it can be seen from the literature’ that 
the greatest care in designing such places has been 

* Volatile mercury compounds can be more dangerous 

than pure mercury and cannot readily be monitored, e.g. 


for methyl-mercury compounds a tolerance level of 10 
ug. Hg/m?® is given®, 
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exercised by workers in Germany. In mining and 
in industry the levels seem to be set much higher. 

The vapour pressure of mercury roughly doubles 
if the temperature rises by 10 degrees in the typical 
range of laboratory air temperatures. This rapid 
rate of rise is important in considering fire hazards, 
hot pipes, pump motors, welding operations, glass 
blowing, etc. 

It is more difficult to fix the short-term exposure 
maximum tolerance level*. The dangers of short- 
term high intensity exposure are noted below. 
Clinical Symptoms. The initial symptoms of poison- 
ing are reported to be mouth trouble, gingivitis 
(the ‘blue line’), conjunctivitis and digestive 
disturbances. Psychological symptoms, erethism, 
irritability and eventually severe ‘hatters’ shakes’ 
follow. Excessive salivation is another unpleasant 
symptom and may be as much as a pint per hour. 
The condition may become chronic and poisoning 
can cripple or kill the victim. The symptoms may 
take days, months or years to develop according 
to the conditions of exposure. 

Mercury can be taken in through the skin as well 
as the mouth and the nose. However, the most 
harmful way is considered to be breathing the vapour. 
A certain unknown fraction is absorbed and attacks 
the nervous system. Measurements made on dogs 
show that a considerable percentage is absorbed. 
Mercuric compounds are known to include some 
very poisonous materials, but this is outside the 
scope of the present paper which deals with the 
handling of pure mercury, and in this case the 
formation of poisonous compounds is unlikely. 


Contributing Effects of the Mechanical and 
Chemical Properties of Mercury. 


The greatest adverse property of mercury (apart 
from its toxicity) is its insolubility in water. This 
makes thorough cleaning and decontamination often 
impossible. Washing articles contaminated by 
mercury may only increase vaporisation. It is this 


* With some poisonous materials, e.g. beryllium, the 
transient tolerance is about 10 times the long-term one, 
but no such figure seems available for mercury. Short-term 
exposure (} hour) at 10 tolerances with mercury can produce 
noticeable symptoms. Knowledge of the temperature of 
the source is obviously important in predicting risks. 


SOME ASPECTS OF HANDLING MERCURY 


fact which determines the whole pattern of mercury 
handling, and creates the real problem, 1.e. the 
necessity for the ‘containment’ of the mercury. 
The Weight Problem. Mercury is extremely heavy 
and this causes difficulties as soon as any appreciable 
quantities are involved. Ordinary methods of 
handling are inadequate and there is a real danger 
of injury to personnel trying to carry quantities 
which look, volumetrically, as though lifting should 
be easy. It is easy to stumble and fall when caught 
off balance while carrying a heavy load of mercury, 
which seriously affects one’s centre of gravity. 
Mercury is a difficult material to contain. Its 
weight means that many standard laboratory con- 
tainers rupture or crack when attempts are made to 
store or carry it in bulk, and many leaks that would 
remain unnoticed or would be tolerable with other 
fluids, cannot be tolerated with mercury because of 
its high surface tension and low viscosity. 
Droplet Formation. The tendency to form very 
small drops readily is a property of the mercury 
which largely contributes to the gravity of the 
problem. When pouring mercury from one con- 
tainer to another, even if carried out with the greatest 
care, a large number of drops will form over a wide 
area around the pouring position. It is impossible 
to pour without splashing and spilling, as the weight 
is high and the viscosity low. If samples of the 
drops are taken on slides round a spill, their sizes 
vary from large to microscopic, and most of them 
are invisible to the naked eye or at least difficult to 
see. Each of these drops contributes to the health 
hazard. Any transfer or pumping operation can 
cause this. Most surfaces are not wetted by mercury. 
Thus, the drops may roll away some distance from 
the scene of operations. These drops will enter small 
holes or cracks present in the surface and are then 
able to contribute to the air burden from almost 
impregnable positions. 
Oxide Skin Formation. Mercury, exposed to air, 
slowly forms a skin (completed in about six hours), 
presumably of oxides. The oxides may be those of 
mercury itself or of impurity metals dissolved in it. 
As a result the vapour pressure of the mercury may 
be cut down below tolerance level, but the drops 
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cannot now be located except by sight (if large 
enough) or by vibration. The latter will break the 
skin and enable vapour detectors to be used. If 
mercury is left lying in small drops or pools, the 
skin will break and the air burden will increase, 
every time a movement occurs near the drop. 

For the case where the surface remains clean and 
the molecules are removed by draught as rapidly 
as released from the surface, it can be shown that 
a drop, 2/1000 inch in diameter, will disappear 
in approximately 6 minutes at 250°C, at which 
temperature the surface loss is 10 gm. Hg/cm?/sec. 
This seems to be a very rapid rate but Roberts* 
points out that at low vapour pressures the rate of 
escape is independent of whether the liquid is in 
equilibrium with its vapour or im vacuo. 

When stirred vigorously, as in the case of pumping 
the metal, oxides form and cause sludges or ‘flour’. 
This can give trouble in pumps, flowmeters, etc. 
Corrosion of Other Metals. Though mercury is 
insoluble in convenient and safe fluids, it readily 
dissolves many metals. Corrosion effects of mercury 
have been investigated by various workers, for 
example, Bridgman,* and Strachan and Harris.° 
Copper is known to be attacked by mercury but 
Pollard at Services Electronics Research Labora- 
tories proved that in the case of annealed pure 
copper, only the surface is attacked and this enabled 
him to construct a copper-mercury diffusion pump. 
Bridgman mentions the technique of wetting steel 
by breaking the sample under mercury and describes 
many surprising phenomena which occur with 
mercury under pressure. Strachan and Harris show 
the effects of temperature on wetting—nickel is 
wetted at 300-500°C—and the effects of air on 
dissolved metallic impurities; the same authors 
demonstrated the effects of supersonics causing 
erosion of metals by mercury (frequency c. 30 
Kc/sec.). Mercury whiskers formed on aluminium 
are well known. Gold is beautifully wetted on 
immersion in mercury, but copper may have to be 
specially treated. On the other hand a lack of 
wetting properties is important in many applications, 

* Roserts, T. K., Heat and Thermodynamics (Blackie & 
Son Ltd., London, 1944). 


e.g. where contact probes are employed in instru- 
mentation. A peculiarity of steel-to-mercury con- 
tact probes was noted by Christiansen!°, The steel 
should not be connected to the positive pole of a 
supply lest corrosion takes place rapidly. The dan- 
ger of a few parts per million of mercury to certain 
large-size plant which may produce—quite un- 
suspectedly—a complete breakdown is discussed by 
Brown et al. The exposure of instruments and 
electrical equipment to mercury is a_ potential 
source of considerable trouble in laboratory work. 
This is referred to below in greater detail. 

Mercury on Plastics. Mercury balls on polythene 
sheet exhibit electrostatic effects and can be pro- 
pelled simply by suitable manipulation of insulating 
rods without physical contact between the rods and 
the balls. This has no known application. 

Pumping of Mercury. Mercury is not a lubricant. 
This fact is sometimes overlooked when dealing 
with pumping problems. Pumps which rely on 
the pumped fluid as a lubricant fail rapidly with 
mercury as the pumped fluid. 

The low viscosity of mercury makes the attain- 
ment of non-oscillatory conditions in pumping 
systems difficult. The mercury is turbulent at 
low flow-rates which probably helps to cause 
entrainment of gas and moisture and, at the same 
time, may be troublesome in pumping and flow 
measurements. 

Experiments!” have been carried out, to show that 
Reynold’s number applies to mercury when 
calculating the onset of turbulent flow. Some 
phenomena which are calculable for light fluids 
cannot be accurately assessed in the case of mercury. 
Therefore it cannot be assumed a priori that 
Reynold’s number applies. 


THE HANDLING OF MERCURY UNDER 
WORKING CONDITIONS 


Storage 

When mercury is delivered in the usual earthen- 
ware jars the delivery van may be heavily contami- 
nated with mercury and the base of the jars may 
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also be contaminated, perhaps invisibly. It is 
therefore a danger to health and equipment to keep 
mercury in the ordinary store or in the laboratory 
itself. Users of vacuum plant or electrical instru- 
ments are not usually grateful for having their 
apparatus mercury-contaminated. Nor are analy- 
tical chemists anxious to have contaminants in 
their equipment. The floor of a general store will 
readily retain mercury and constitutes a health 
hazard for the storeman. Even if the jars are clean, 
one may be dropped and broken. Thus the store 
may become a proper mercury-contaminated area 
which it is virtually impossible to decontaminate 
completely. For all these reasons it is essential to 
provide a special mercury store which should be 
under the control of those working with the mercury 
so that they can monitor levels and protect them- 
selves when manipulating it. 


Transfer from Store to Laboratory 

The problem of transporting mercury from store 
to laboratory is obviously eased if store and labora- 
tory are adjacent. If large amounts are to be handled, 
it is useful to have a storage tank, preferably on a 
trolley, and a pumping system to move the mercury. 
The piping should be of stainless steel or plastics. 

Carrying mercury is awkward and pouring it 
from container to container always causes splashing. 
If the mercury is to be carried at all, it should be 
the rule to place the containers on trays in case of 
spillage. Glass containers for large amounts will 
be used only by those laboratory workers who have 
never seen the bottom drop out of such a container. 
The construction material should be steel or plastics 
but in the case of the latter the container should be 
moulded as a whole. Plastics containers with 
welded bottoms are liable to break. If corrosion is a 
problem the steel tanks can be plastics-lined or the 
tanks can be made of P.V.C. An ordinary Stuart 
Turner pond-pump, 10 or 12, is sufficient for 
transferring mercury intermittently as long as low 
heads (=< 5 ft.) and limited flows only are needed*. 


* Pumps used normally with light fluids may overheat 
if used with mercury, and thermal switches should be used 
to protect the motor. 


SOME ASPECTS OF HANDLING MERCURY 


For storage of large quantities there is no reason 
for risking bottom-outlet tanks. 

If mercury has to be poured the operator should 
be careful and wear rubber gloves. Gloves of the 
surgical type are not suitable as they tend to leak 
and tear. It is much better, however, to remove the 
mercury from the jar with a pump and so fill the 
storage tank. An ordinary water jet pump is suffi- 
cient. If these precautions are not observed, the 
laboratory will soon be heavily contaminated. 
Gravity-feed tanks, with lifting tackle to load them 
could be used for storage, but a pumping system 
as mentioned should be more convenient. 


30 


VAPOUR DETECTOR CURRENT ~ pA 


Ne 


TIME SINCE FORMATION ~ HRS. 


Fig. 1. Measurement of the decay of vapori- 
sation from mercury drops. Note: The decay 
rate of vaporisation from drops on which a skin 
has formed and is broken later, does not follow 
this curve. 
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Handling in the Laboratory 
Mercury Services. Ordinary Ermeto valves are 
satisfactory for most practical pressures. But 
devices with glass cone-taps, rubber tubes and clips, 
glass tubes in rubber bungs, etc. are just not good 
enough. Saunders valves are very useful for mercury 
plumbing. Storage tanks should be of solid con- 
struction. A tank, two feet in diameter, and filled 
to a depth of 10 inch. holds about 1 ton of mercury. 
Piping in stainless steel or plastics is satisfactory, 
but joints in either material or between plastics 
and metal should be properly engineered and 
standardised. ‘Lash-up’ joints tend to leak and, if 
pressurised internally, may release fine sprays of 
mercury of large surface area which penetrate the 
whole laboratory and contaminate the personnel. 
These sprays could be invisible but a person affected 
by them might sense them in the eyes or on the skin. 
Pumping mercury in any quantity is a special 
topic and outside the scope of this article. Many 
pumps offered for the purpose are unsuitable because 
of the tolerant attitude adopted by the manufacturer 
towards leaks, or because the pump is not powerful 
enough for the work, or because of lubrication 
troubles. As a result of the latter, electric motors 
may overheat. Other sources of potential troubles 
are impellers, gaskets and shaft seals. But there 
are various centrifugal, peristaltic and air-operated 
pumps which are suitable. Electro-magnetic pumps 
were not available at one time but a small model of 
such a pump is now on the market. A wide range of 
experimental work can be covered using Stuart- 
Turner pumps. 
Furniture and Equipment—General. Details of the 
outfit of a mercury laboratory are, of course, 
determined by the particular task for which the 
laboratory is designed, but certain features as 
common to all work will be discussed here. The 
techniques used in laboratories for handling water 
are inadequate where mercury is concerned, and 
so are many laboratory materials and components. 
Wooden benches trap or absorb mercury, making it 
impossible to remove it. Covering with plastics 
sheeting is no cure. Mercury also penetrates into 
the drawers. Every time the bench is jogged, 
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vaporisation starts afresh. Anyone leaning on the 
bench may pick up mercury with his clothes or 
skin. Spilled mercury collects under the bench, 
around the bench legs, on or under a stool. Writing 
materials become contaminated and thus transfer 
mercury to other laboratories or one’s own office 
or home. Aluminium-alloy frames grow mercury 
whiskers and a section of the apparatus may collapse. 
Mercury depositing on laboratory heaters, lamp 
bulbs or soldering irons vaporises rapidly giving a 
larger air burden. A serious spill may give full-scale 
readings, ten tolerances or more, on typical mercury 
vapour detectors, for some hours. Mercury falling 
on the hot motor of a pump will be rapidly vaporised 
and the windings may be attacked. It is almost 
impossible to decontaminate equipment!*. On one 
occasion, the author did manage to ‘decontaminate’ 
a 50 B Variac* by washing and baking, but it was 
still not fit for use anywhere else but in a mercury 
laboratory. Trailing electrical cables can cause a 
serious spill if someone trips over them when 
carrying mercury, or by dragging something off 
a bench when pulled. 

The danger of spills and fine or coarse sprays 
means that something like dry-box work is essential. 
Suspected joints should be wrapped up, and 
operations carried out behind Perspex shields. 
The whole operational set-up has to be covered, as 
it cannot be predicted where a spray will go; some 
of it may easily bounce off a surface. Trays should 
be available for catching spills or leaks, and should 
be cleaned out regularly; leaving water in them 
is no use as the water becomes contaminated. Any 
extractor-fan system should run to the top of the 
operational set-up so that mercury-laden air is 
drawn away from the operator, not across his facet. 
‘Handy-angle’ steel framework with a smooth 
surface is a good material, but wood should be 
barred. Equipment should hang from the top 
and benches should be avoided altogether. All 


* Claud Lyons Ltd. 

+ The dangers inherent in general ventilation by extractor- 
fan are discussed by Lewis”. An experiment on a small scale 
carried out by the author showed that air-burdens can be 
increased by strong draughts over a mercury surface. 


writing should be done away from the place of work 
if possible. A pen or slide-rule may easily become 
contaminated. 

Floors and Walls. Flooring presents a difficult prob- 
lem. If it is smooth and hard, it prevents mercury 
absorption but may be slippery. If of the non-skid 
type, it may absorb mercury. Concrete! and wood 
are particularly effective absorbers, and steel floors, 
also, absorb mercury on the surface. Polishing— 
composition floors may cause accidents, but un- 
polished composition retains mercury and nothing 
can be done to remove it; it can only be painted 
over, choosing a hard-wearing paint. One special 
German laboratory’ used linoleum floor coverings, 
with all joints sealed, extending 6 inch. up each wall. 
The floor was sloped towards the centre, where a 
channel enabled spilled mercury to be collected. 
Once a floor becomes contaminated, it is difficult 
to keep the air burden down, because walking 
breaks the oxide layer of the mercury drops and 
starts the vaporisation process. Records of mercury 
vapour levels show clearly when work begins and 
ends in the laboratory (a vapour detector over a 
mercury surface would make an excellent burglar 
or fire detector, if there were no hazards). 

Much more work could be done on the flooring 
problem and the experience of radioactive labora- 
tories is helpful, but the fact that they often deal 
with water-soluble materials should be borne in 
mind. Modern non-slip plastics flooring may be 
the best solution. It has been recommended that 
walls and ceilings should be oil-painted, so that they 
can be washed down regularly. 

Heating System. Hot pipes for central heating 
should, for obvious reasons, be dispensed with or 
protected against mercury splashes. Air condition- 
ing is clearly the safest method. 

Instruments and Production Tools. A decision should 
be taken whether electrical or mechanical apparatus 
is to be regarded as expendable, confined to the 
mercury laboratories, or recoverable for general 
use. This will determine the action to be taken with 
regard to their protection and maintenance. It is 
too dangerous to other apparatus to remove them 
to a general maintenance section for repair. 
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If the instrument is to be recoverable, it must be 
kept away from the mercury area, and its readings 
must be taken or its records must be collected in 
another room. Failing this provision there is no 
guarantee that the instrument will be safe, and, once 
contaminated, it will remain so unless stripped and 
rebuilt. To check an instrument for contamination 
(or, for that matter, any surface) the oxide skin on 
the mercury must be broken by rubbing or vibration, 
otherwise the readings obtained will be quite false, 
and the surface may appear safe when in actual 
fact it is not. 

Tools used on mercury should be confined to the 
laboratory. As much workshop equipment as 
possible should be available in the laboratory as a 
safeguard against the possibility of contaminated 
articles being worked on by personnel not subject to 
the special protective measures with machines 
normally at the disposal of other departments in 
the organisation. It is astonishing to see how soon 
a laboratory and its equipment become mercury- 
contaminated. At first it seems hardly worth all the 
care. But it becomes rapidly apparent every time 
that precautions can scarcely be too stringent. 

It should be categorically forbidden for anyone 

to blow glass, weld or braze in a mercury laboratory. 
Serious injury has been suffered by people welding 
mercury contaminated materials indoors, as the 
vapour pressure rises so rapidly. Welding should 
be carried out in the open, or in special booths. 
Laboratory Waste. The problem of laboratory 
waste is rather similar to that of radioactive waste. 
The solid material is usually buried or dumped in 
the sea in sealed containers. Liquid waste is fed 
to an effluent tank and later flocculated and filtered. 
In the laboratory, objects are washed in a special 
tank, the content of which is pumped to an effluent 
tank. Nothing should be cleaned in an ordinary 
sink. Solid-waste bins are usually painted in a 
special colour and labelled accordingly. 
Smoking and Fire Hazard. Anyone leaving or 
tapping his cigarette on a bench may trap mercury 
in the end. Subsequently he will inhale hot mercury 
vapour at a rate many times that given by the 
tolerance level. 
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A further objection to cigarette smoking in the 
laboratory is that fires can be caused if someone 
casually throws a butt into the waste bin. This is 
serious enough in ordinary circumstances, but fires 
in mercury laboratories have the additional hazard 
of greatly increased vaporisation. 

Portable oxygen equipment* and training in its 
use should be provided to deal with fires or serious 
spills, so that fires can be put out without increasing 
the mercury hazard. Such equipment should, 
obviously, be stored outside the mercury area. 


Protection of Personnel and Visitors 


Visitors. Nobody should be able to enter a mercury 
laboratory casually. Anybody who does runs the 
risk of contaminating his clothes and thus endanger- 
ing his own health. Furthermore, he may convey 
mercury to other laboratories or to his own house 
where there will be no monitoring equipment. If there 
is a spill or spray while he is in the laboratory he 
may be completely drenched. Even with guards 
round the apparatus it is difficult or tedious to 
carry out every operation avoiding all risks of spills. 
Some physical barrier to entry, therefore, should 
be provided, and no one should be admitted, unless 
he has changed completely or, at least, wears 
protective clothing. Also no visitor should carry 
books or apparatus not specifically intended for the 
mercury laboratory. 
Protective Clothing. Gloves should be worn all 
the time. But apart from these, protective clothing 
seems adequate only for use by a visitor when being 
shown round the laboratory, after it has been 
brought to a standstill for the purpose. It may be 
tedious for laboratory staff to change completely, 
but the disadvantages of so-called protective clothing 
soon becomes obvious. There are many: The 
average person cannot stand working all day in it if 
the weather is hot. Consequently he loosens or 
opens the overall. Then, the inevitable spill occurs. 
Also, he finds his movements to be restricted and 
work will suffer if all the staff spends the working 
hours in a state of irritation. But where the pro- 


* e.g. Siebe, Gorman. 


tective clothing is tolerable from the wearer’s point 
of view, there is still the fundamental objection that 
it does not protect sufficiently. Mercury sprayed 
from pressurised systems or arising from spills goes 
straight through even quite thick cloth, splashes up 
trouser legs, runs down inside collars, falls into shoes. 
One’s own clothing worn underneath is thus con- 
taminated. The only sure protection is to change 
into an entirely different set of clothes for mercury 
work, which will mean a locker system must be 
provided. 

Washing and Laundry Facilities. In order to prevent 
constant changing, it is a help to have showers, 
washing and lavatory facilities situated in the 
mercury area. Also, without such facilities the 
worker cannot be certain that he is free from 
mercury before he dresses in his ordinary clothes 
and may carry mercury home in his hair, ears, nails, 
teeth, etc. after a serious spill. The teeth should 
always be cleaned before going home. It has been 
pointed out that an important factor in the health of 
mercury workers is complete escape from the vapour 
for some period during the day. If the teeth are 
not cleaned, not only are mouth troubles caused, 
but mercury vapour of about 37°C (98°F) is being 
inhaled continuously for the rest of the day.!4 
Spectacles should be washed before leaving the 
laboratory if any sprays or spills have occurred 
during the day. 

Special laundry arrangements have to be made 
for mercury-contaminated clothing and checks 
by vapour detectors should be made frequently. 
The best arrangement is to provide a washing- 
machine in the laboratory, to avoid transfer to other 
buildings. 

Contamination through Records. Clothes can be 
washed but records, graphs or notebooks cannot. 
It is therefore essential eventually to solve the 
problem of transferring information obtained in 
the laboratory to the office. If instrument recorders 
are used it is best for them to be out of the mercury 
area, visible through a Perspex or glass partition. 
The notebook problem is not so easy. One could 
dictate results into a tape recorder, or to a typist 
outside the mercury area, or use a typewriter 
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oneself, the roller of which is on one side of a 
Perspex partition and the keys and controls on the 
other side. But it is useless to take precautions about 
clothes, etc. and yet carry finely divided mercury 
about in a laboratory notebook. 

Medical Examinations and Tests. Laboratory per- 
sonnel exposed to large spills can be tested by 
urinalysis in addition to a monthly medical check- 
up. The value of urinalysis has been questioned, but 
that is a matter for expert medical opinion to decide. 
It does at least measure the degree of exposure. The 
monthly medical examination is a standard pro- 
cedure and gives the mercury worker confidence, 
if nothing else. As fear of mercury poisoning soon 
becomes common in a laboratory where mercury 
is being used in large amounts, this confidence can 
be a valuable antidote to imaginary ills. The tests 
given are quick and painless. 


Special Clean-Up Measures 


Hopcalite and Iodised Charcoal. Special sprays* have 
been used to keep down the mercury vapour level 
in contaminated buildings or areas, but the author 
is not experienced in them. Hopcalite!® and iodised 
charcoal!’ can be used as vapour traps. A Hopcalite 
layer on a mercury surface or in trays helps to keep 
the vapour level low and is a most efficient air filter. 
However, its use is limited if the operational plant 
and the laboratory in general are properly laid out. 
Besides, both Hopcalite and iodised charcoal are 
dirty materials and the use of the latter causes a 
special dust and vapour hazard. 
Clean-Up of Spills. Spills inevitably occur when 
handling mercury and the processes used for cleaning- 
up require some discussion. For the purpose of 
these notes it is assumed that plant and laboratory 
in general have been suitably designed. Then, a 
spill occurring within the plant covers, should be 
caught by the trays (or at least most of it), but sprays 
may reach anywhere and the contamination level 
inside the plant will rise considerably. Thus the 
efficiency of the extractor fans becomes important. 
If the spill occurs outside the confines of opera- 
tional plant the job of clearing up is more difficult. 
Sweeping up large quantities of mercury can be 


hazardous. It is a help to throw damp sawdust and, 
when the majority of the mercury has been collected, 
to apply iodised charcoal or Hopcalite to the floor 
which will assist in trapping vapour quickly. Both 
materials can be removed without difficulty later. 
Vapour detectors should be used and if the level 
indicated is excessive the laboratory should be 
evacuated or breathing apparatus should be used. 
After clean-up operations the atmosphere in the 
laboratory should be given time to settle before 
normal work is resumed. A simple suction apparatus 
with filtered exhaust can be employed to pick up 
mercury, but large numbers of small drops must 
be collected first by flooding with water and 
brushing, for example. Sulphur on the floor is 
unpleasant, and not efficient for dealing with spills. 

Once spills have occurred it is never possible to 
clean up completely. The detector* is the final 


* Monitoring an unused laboratory may reveal nothing; 
monitoring must be carried out under operating conditions. 
Preferably a recorder should be used. 
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Fig. 2. Concentration of mercury vapour in air. 
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arbiter; it is no use relying on eyesight. Laboratory 
cleaners have to be specially trained or they do more 
harm than good. 

General. If the operational plant is really small and 
can be manipulated in a confined area by a dry-box 
technique it may be possible to simplify arrange- 
ments and to carry out the work in a laboratory 
designed on conventional lines apart from the dry- 
box itself. Only a practical experiment can confirm 
the merits of such an arrangement. The fact re- 
mains that one failure in the dry-box system may 
contaminate the whole of the laboratory, and in 
the author’s opinion there is no safe dividing line 
between the ordinary laboratory and the properly 
designed mercury laboratory, once you have begun 
to work with mercury. Some authors have recom- 
mended that, in ordinary laboratories, even mercury 
thermometers should be banned. Vacuum workers 
using oil pumps may forbid the use of mercury at 
all in their laboratories, as one breakage or spill may 
involve the stripping of a whole plant. It is not by 
any means always the toxicity of the metal which 
necessitates careful handling of mercury. 


Responsibility of Clean-Up Operations 

It is sometimes arranged for a member of the 
laboratory to be delegated the authority of controlling 
the clean-up operations including watching the 
air-burden levels and ordering the evacuation of the 
laboratory if the readings are too high. Experience 
shows that the man becomes unpopular or ineffec- 
tive or both, and it is more satisfactory if the head 
of the laboratory exercises this responsibility 
himself. 


METHODS OF CLEANING MERCURY 


There are many established methods?* of cleaning 
mercury, and the choice of a method depends on 
the purity required in the particular case. 

The process providing air to be bubbled through 
the mercury in order to remove metallic impurities, 
has the drawback that it may create a mercury-oxide 
scum at the same time. In some cases, simple 
filtration is used. One method of reasonable scope is 
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the use of chemicals and small packed columns with 
diluted nitric acid (HNO) followed by a washing 
operation, but troubles will be experienced if the 
acid is not removed completely (for instance, 
attacks on probes). Undoubtedly, the most effective 
method is vacuum distillation. However, this is a 
process which should be handled by an expert if 
additional hazards are to be avoided. For instance, 
the still may spring a leak and, as a result, the 
laboratory may have to be temporarily vacated, and 
those present at the time may suffer from temporary 
but unpleasant stomach troubles. To produce small 
drops for purposes of cleaning, many methods can 
be used, such as frits, drilled or punched plates, 
or chamois-leather filters. 


INSTRUMENTATION 


The discussion in this section is restricted to 
the two spheres of instrumentation most intimately 
related to the conditions and activities prevailing 
in mercury areas, 7.e. to mercury vapour detection 
and to mercury flow measurement. The use of 
vapour detection apparatus forms an integral part of 
the protective measures described previously, and 
flow measurement is important in connection with 
the conveyance of the metal. 


Vapour Detection 

Vapour detection is especially relevant to the 
subject of mercury handling. Only a quick and 
reliable method of monitoring will ensure that one 


’ can ‘get the feel’ of mercury handling and adequate 


control of the air burden in the laboratory. It is 
further desirable that the method facilitates the 
recording of vapour levels outlining the progress of 
decontamination and indicating air level variations 
occasioned by changes in the working conditions, 
without the instrument requiring constant attention. 
A rapid-response instrument might give an audible 
warning of dangerous concentrations of vapour and 
even switch off plant automatically, irrespective of 
whether any attendant of the instrument would 
have made up his mind to do so or not. Monitoring 
must be continuous—intermittent check-ups are 
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useless since the monitor is needed when a spill 
occurs, not a week later. 

The method applied for vapour detection depends 
to some extent on the sensitivity required in each 
particular case but this is not the only deciding 
factor. The method most widely used is based on 
the resonance of the 2,537 A line by the mercury 
vapour (if any) suspended in an air sample. The 
method has been described by T. Woodson”? in 
great detail. Modifications of the original design 
have been developed by the General Electric 
Company of America and by the Electronics 
Division of Atomic Energy Research Establishment, 
Harwell*. The air is drawn into the instrument by 
means of a fan and passes through a beam of u.v. 
light issued from a quartz mercury lamp and 
directed on to a photocell. Mercury entrained by 
the air will absorb u.v. and as a result the output 
of the special photocell is affected. The circuitry 
may provide for amplification of the current changes. 

There are certain points in the design and use of 
these instruments which should be noted. There 
are various substances, often present in a laboratory 
atmosphere, to which such an instrument could 
respond*. If at all possible, the instrument should 
respond solely to mercury. 

A disadvantage of the instrument, rather con- 
spicuous in practice, is its sensitivity to water 
vapour. For example, a man has his hands con- 
taminated and attempts to clean them. He scrubs 
them raw, but the monitor still shows several 
tolerances. The inference is that the instrument 
responds to the evaporation of moisture from his 
warm, only partly-dried hands. There are other 
more serious conditions where the instrument 
may be in error in a similar way. For instance, in 
the case of a fire it is impossible to tell whether the 
instrument is registering smoke alone, or smoke and 
mercury vapour. 

Another important requirement is that the air 
intake”? of the instrument should be sufficiently rapid. 
It has been noticed that, if a sample of mercury- 


* Made by Hanovia Ltd. 

+ An instrument for detecting mercury in the presence 
of other materials which absorb the 2,537 A line is described 
by Pringsheim and Muller 24. See Fig 3. 
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laden air is sealed off in the detector during opera- 
tion of the latter, the reading falls steadily. This 
phenomenon is believed to originate from oxidation 
of irradiated mercury by u.v. Thus, if the value 
of the air intake is below a critical figure a spuriously 
low reading can be expected. The American General 
Electric Company, incidentally, specifically states 
the minimum flow required for satisfactory opera- 
tion of their model of vapour detector. 

Another problem in connection with vapour 
detector operation is drift. Excessive drift means 
that long-term recordings cannot be made. A good 
deal of work has been undertaken to discover the 
cause of drifts in these instruments. As a result 
the following potential sources of drift have been 
established :— 

(1) Mains variations, 

(2) Warm-up and thermal drift of the u.v. lamp, 

(3) Electronic warm-up and d.c. amplifier drift, 

(4) Vibrations of fan-motor altering control knob 
settings if these are not locked, 

(5) Excessive throttling of the fan intake, which 
will reduce cooling, so that the motor runs 
hot and slows down, and the air intake is 
lowered to a point where appreciable oxida- 
tion takes place. Severe drifts may then 
occur. 

In some cases the remedies are obvious. However, 
the change in photocell current is of a magnitude 
sufficient to dispense with a d.c. amplifier alto- 
gether. If an amplifier is used, it may have to be of 
a rather complex design to be relatively drift-free, 
(< 1 mV/hour). The General Electric Company 
model is only used for intermittent readings and 
has to be adjusted before each reading. 

The calibration and periodical testing of the 
instruments causes some difficulties owing to the 
absence of a standard in the form of a known and 
constant dynamic concentration of mercury vapour 
in air. The original procedure laid down by 
Woodson was straightforward and as far as can be 
judged by the author, foolproof. Full-scale deflec- 
tion equal 100% absorption is tested simply by 
switching off the u.v. lamp. Zero deflection equal 
0°% absorption is tested by admitting mercury-free 
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air only. No further checks on intermediate 
absorption values are attempted, it being assumed 
that the two tests described are sufficient indication 
of the sensitivity of the instrument, over the whole 
range. More refined methods are available, for 
example that used by the United States National 
Bureau of Standards. But proper calibration is 
complex and not always relevant. 

A system*? has been developed of monitoring 
several areas in a laboratory with one monitor only. 
This is facilitated by cyclically switching electro- 
magnetic valves to sample air from each of the 
areas concerned. The switching is effected by 
employing one of the motor-driven channel switches 
in a 12-point Kent recorder at a time, to operate the 
appropriate relays. In this arrangement the reading 
at the channel concerned is, of course, recorded 
automatically. A horn producing an irritating sound 
is set off immediately the level rises beyond the 
tolerance level, thus ensuring due attention by the 
personnel in the laboratory. 

One problem in monitoring is most important: 
The monitor and its intake pipe must remain 
uncontaminated, and repeated checks have to be 
carried out to ensure this. Switching-off the motor 
to stop the intake of air is not sufficient as oxidation 
of the vapour already admitted may occur and give a 
low reading. The provision of a Hopcalite trap at 
the input end of the air intake, will facilitate a proper 
check of the monitor itself, but if the trap is fitted 
at some intermediate point, as is usually the case 
with instruments when delivered from the manu- 
facturer, this is no longer so: A trap in that position 
only checks electrical zero. 


Flow 

The following gives a brief survey in tabular form 
of the various methods of flow measurement 
experimented with by the author: 


(1) Rotating Paddles. Shaft speed was observed 
with a stroboscope. Very small flows only 
were used. 

(2) Orifice Plates. Little attention was paid to 
this method. The greater part of the work 

was concentrated on (3) and (4). 
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(3) Electromagnetic Method**. If probe troubles 

can be successfully avoided, this method 
can give values close to the theoretical. It 
is sometimes recommended that tappings 
should be made in the walls and contacts 
of large area made out of the main stream. 
The up-stream conditions can be very 
important in E.M. flowmeters (effect of axial 
asymmetry of the velocity profile)”. 
The probes must be wetted and the mer- 
cury must be dry and clean. Bubble entrain- 
ment and probe corrosion or non-wetting 
can cause appreciable trouble.** A special 
100 » V FSD recorder has been made by 
Honeywell-Brown Ltd., and 1 mV fast recor- 
ders have also been used for this work. 

(4) Fets (single or multiple).2” A jet of mercury 
flows from a horizontal pipe above the tank and 
the throw is linear with the flow rate. This 
instrument is simple and cannot give mis- 
leading information, but involves loss of 
pressure head. In the particular case this 
method has been finally chosen for use in 
practice. 


CONCLUSIONS 


Prolonged practical experience with mercury 
shows three factors to be of primary importance in 
handling this material. 

(a) It is most difficult to make oneself fully con- 
scious of the hazards and difficulties which present 
themselves in this type of work. Indifference to mer- 
cury before any symptoms show up is really the 
greatest danger. Not so long ago the author visited 
an exhibition where a working model of an industrial 
process was on view. To simulate hot molten metal, 
mercury was employed. The mercury was pouring 
from one open container to another and the exhibit 
was covered all over with small mercury drops from 
splashes and spills. Spectators were leaning over the 
exhibit at a distance of 1 or 2 feet from the mercury 
surface. Presumably no one knew or cared that in the 
hot hall the indication of a u.v. type detector near the 
exhibit would have been almost certainly full-scale. 
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Fig. 3. The Miller-Pringsheim 
Detector. The operation of this unit 
can be divided into two parts. 
(1) Measurement of mercury vapour con- 
centration. A quartz-mercury lamp Q 
is focussed (quartz lens) on to a reso- 
nance lamp R, which re-emits light over 
a much narrower wave-band than Q, 
with a sharp peak at 2,537A. Constant 
temperature of the resonance lamp holds 
its emission curve at the same breadth 
and shape independent of the source 
lamp. The light from R goes to two 
Hg photocells, Z; and Zs, in one case via 
the sampling tube Aj. The cells have a 
long-wave sensitivity limit not much 
above 2,537A, so that stray light from 
the lamp and daylight cause no difficulty. 
The two photocells and the electro- 
meter Er form a null system which 
avoids error from the primary lamp intensity variations, as opposed to variations in emitted spectrum. Ag isa 
mercury-free tube, used for comparison. The two photocells give no net output when there is no mercury vapour in A; 
or when Ag is switched in. If A, is inserted in the light beam to Z, and the intensity falls, balance in the photocells is 
restored by reducing the light to Z) by an iris diaphragm B,. The setting of this diaphragm is a measure of mercury- 
vapour concentration. (2) Method of checking that the absorbent is mercury vapour. Room temperature mercury vapour 
is characterised by sharply selective 2,537A line absorption, unlike other absorbents, which are not so selective. Here 
the broad spectrum from Q is used by slipping a nickel mirror over the window of R. A tube is inserted in front of Q 
which contains enough mercury vapour to filter out 2,537A sharply, cutting off the rest of the spectrum. If now a 
check on the sampled air reveals only slightly altered absorption some non-mercuric absorbent is present, as this will 
absorb the rest of the spectrum and the absence of 2,537A will not be noticed. But if mercury vapour was the absorbent 
in the air sampled, there will now be little absorption effect as the source has been deprived of the 2,537A line. 


Fig. 4. The Woodson-Type De- 
tector. Air is drawn by electric fan 
either through Channel A when sam- 
pling or B when setting zero, tube B 
having a Hopcalite absorber and drier. 
The air then passes into a steel tube with 
u.v. transparent end-windows and is 2-Way 
ejected. Light from the u.v. lamp valve 
passes through the steel tube and the cons 
sampled air and falls on to a quartz Air —= 
photocell, which thus responds to the A 
amount of u.v. absorbent in the air 
sampled. The photocell current is , 
amplified and the output displayed on a Steel | 5:¢: on 
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(6) The second important point is ‘good house- 
keeping’ or clean operation. This is stressed as a 
primary requirement in the 400-page microcard 
report mentioned before. The value of ‘good 
housekeeping’ cannot possibly be overestimated, 
but in the author’s opinion it should not be assumed 
to be the complete answer. If reliance on ‘good 
housekeeping’ leads to neglect of proper monitoring, 
laboratory design and medical services, on the 
grounds that no money need be spent on such 
items as long as the existing laboratory is methodi- 
cally cleaned, then it constitutes a danger rather 
than a help. Unfortunately, as is shown in the 
microcard survey itself, there is a real danger in 
that respect where the allocation of laboratory 
money is entirely in the hands of those who do not 
work in the mercury atmosphere. 

(c) The author feels that a third principle—‘con- 
tainment’—is even more important, for once 
mercury is spilled or splashed in the open laboratory 
it is impossible to clear it away completely. One 
industrial concern admittedly counts on a 4% loss 
per annum of mercury stock. Presumably this is 
due to spillage and, in particular, the fraction which 
cannot be recovered; further, due to evaporation 


and absorption of the metal in construction mater- 
ials. Mercury has to be confined to a limited area 
which is the main purpose of designing a special 
laboratory. The only way to clear completely a 
contaminated laboratory is to burn it down. 
Further, the presence of a monitor should not 
lead to over-confidence on the hazards involved. 
The monitor reads concentration only, and if the 
draught increases, the vaporisation from a surface 
increases. The concentration may go up or down, 
but the number of mercury molecules reaching 
the mouth or skin of a man per unit is bound to rise, 
and it may happen that the man measures roughly 
the total or an integral of fc(r)v(t)dt where c is the 
concentration and v the air speed. The only way of 
ensuring safety is to keep the amount of exposed mer- 
cury small by good housekeeping and containment. 


This paper refers to the handling of mercury 
which seldom reached a temperature above 100°C. 
For work with hot mercury, which is much more dan- 
gerous, Hackett® should be consulted. Many techni- 
ques, standard in sodium work, could obviously be 
employed in such plant. 
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VACUUM RESEARCH AND THE MASS SPECTROMETER 


A. G. Edwards, M.Sc., Ph.D.t 


Summary 


DESPITE THE WIDESPREAD USE of various vacuum techniques 
many of the basic phenomena observed in routine appli- 
cations are not well understood. The investigation of these 
processes either in specially designed experiments, or by 
observations on standard plant is assisted if the partial 
pressure of a single gas can be measured when others are 
present. This is possible by several methods, but mass- 
spectrometric analysis is by far the most general and 
convenient technique. The suitability of various mass 
spectrometers for vacuum studies is discussed and illustrated 
by reference to accounts of experimental work. Particular 
attention is given to certain new types and an attempt 
made to assess their potentialities in this field. 
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Sommaire 


BIEN QUE L’EMPLOI DE DIFFERENTES techniques du vide va 
en s’aggrandissant, beaucoup de phénomeénes de base, 
observés journellement ne sont pas complétement compris. 
Leur étude se fait, soit sur des appareils spécialement 
montés, soit sur des équipements courants, si la pression 
partielle d’un gaz peut étre mesurée en présence d’autres 
gaz. Ceci peut se faire au moyen de différentes méthodes, 
mais l’analyse au moyen d’un spectrométre de masse est 
de loin la plus pratique. L’utilité de tels appareils pour les 
recherches sous vide est discutée, et l’on donne des résultats 
sur des travaux expérimentaux. Une attention particuliére 
est portée sur certains nouveaux types d’appareils, ainsi 
que sur leur possibilité d’avenir dans ce domaine. 


INTRODUCTION 


IN THE PAST twenty or thirty years rapid progress 
has been made in developing vacuum technology, 
and high vacuum apparatus is now a common-place 
both in the laboratory and, to a certain extent, in 
the factory. Much progress has been made empiri- 
cally, and at the present time phenomena commonly 
observed in routine practice are not well understood 
theoretically. For example, the determination of 
the pumping schedule for valves and cathode 
ray-tubes draws heavily on experienced guesswork, 
and the final acceptance test for a batch of electrode 
material may well be the performance of specimen 
valves made from it. 

The basic problem is to specify the composition 
and amount of the residual gases in a system under 
the various circumstances met with in practice. If 
a system has a large true leak, then the gas within 
it is largely air at reduced pressure, but if the 
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system is nominally leak-tight so that only virtual 
leaks remain, the composition of the background 
gases remaining is usually very different from that 
of air. Moreover the speed of this virtual leak has a 
marked dependence on temperature and pressure 
and may be affected by the running of an electric 
discharge. It is information concerning the nature 
of virtual leaks which is so scarce. 

In seeking a better understanding in these matters 
two approaches are possible. Either a ‘technolog- 
ical’ vacuum system or process may be studied in 
some detail with the aid of additional instruments; 
or an attempt may be made to recognise the separate 
processes occurring and study them individually 
by suitable experimental and theoretical means. 
As a first step we may distinguish three basic 
phenomena contributing to virtual leakage into any 
vacuum system, and a fourth factor which may 
affect the composition of the gases actually present. 
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Four Basic Vacuum Phenomena 

The first possibility is that molecules which 

appear within a vessel as a result of virtual leakage 
may have been bound to one of the surfaces en- 
closing the low pressure region. The second pos- 
sibility is that they were originally occluded, 
dissolved or otherwise bound within the bulk 
material in contact with the vacuum region, and 
the third that they have permeated through the 
walls of the vacuum vessel from the surrounding 
atmosphere. These three processes—adsorption, 
evolution from the bulk of the material and permea- 
tion—are the three components of any virtual leak. 
The actual composition of the gas within the system 
is also influenced by the characteristics of any 
pumping mechanism in operation. 
Adsorption. The significance of adsorbed layers in 
vacuum technique is well appreciated. The number 
of molecules adsorbed on the walls of a vessel is 
frequently much in excess of the total number in 
the gas phase, and hence quite small changes in the 
amount of sorbate can have a very marked effect on 
the pressure. Alternatively, the slow escape of this 
adsorbed gas into the gas phase can maintain high 
pressures in a continuously pumped system for a 
protracted time. Gases can also displace one 
another from adsorption sites so that the admission 
of a quantity of gas A to a system containing 
adsorbed layers of gas B can lead to a marked 
increase in the amount of gas B in the gas phase. 

Adsorption studies are therefore of interest to the 
vacuum technologist. Unfortunately, very little 
of the extensive experimental work so far reported 
in this field has been inspired by this need, and 
the experimental conditions have therefore not been 
similar to those actually encountered in vacuum 
plant. 

It should be noted that sorption phenomena are 
affected by the running of an electric discharge. 
Thus, a discharge run in one gas can lead to the 
sorption of molecules of that gas which may, 
however, be released by running a subsequent 
discharge in another gas. Since the sole object of 
evacuating many vessels is to run electric discharges 
of some sort in them, adsorption as a vacuum 


interest must be extended to include discharge- 
induced adsorption. 

Evolution. When metals are heated im vacuo, gases 
are evolved, the amount and composition of which 
have been the subject of several experimental 
studies. The principal interest has usually been the 
total amount of gas which could be extracted, with 
less importance attached to the rate of evolution as a 
function of temperature. This is unfortunate, for 
calculation of outgassing rates obtained under 
operational conditions requires a knowledge both 
of the amounts initially present and of temperature 
effects on the rate, at which they escape. 
Permeation. Many metals and glasses are sufficiently 
permeable to one or more gases, particularly at 
high temperature, for this mechanism to contribute 
significantly to virtual leakage into a vacuum system. 
In some cases permeation rates are much accelerated 
if the gas strikes the surface of the solid in an atomic 
rather than a molecular form. Thus, it is well 
known that, if hydrogen is released electrolytically 
at an iron cathode which is also part of the wall of a 
vacuum vessel, high penetration rates of hydrogen 
into the evacuated vessel will be observed, and a 
similar effect is obtained if the hydrogen atoms or 
ions are produced in a gas discharge rather than in 
an electrolytic cell. 

The processes taking place during permeation 
include the other two, since a gas molecule, in this 
case, must penetrate a gas-metal interface, diffuse 
through the bulk of the material, penetrate a second 
interface and be desorbed from the metal surface 
into the vacuum vessel. In principle, therefore, any 
one of several activated processes may determine 
the rate of permeation. Opinion is divided as to 
whether this is true in practice. 

Effects of any Pumping Mechanism in Operation. If 
the rate of leakage of gas into a system has been 
specified, the pressure within the system can then 
be predicted if the speed of any operative pumping 
mechanism is known. In the molecular range of 
pressures the ideal pump is one equivalent in action 
to a hole separating the vessel being pumped from 
a perfect vacuum. Every molecule which ‘strikes’ 
the hole disappears, and since the dependence of 
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this number on temperature, pressure and gas 
composition is known, so are the characteristics of 
the pump. The most widely appreciated character- 
istic of such a hole is that its volumetric speed is 
independent of pressure. 

An ordinary diffusion pump is a fair approxi- 
mation to this ideal, though there is evidence that it 
does not pump hydrogen as efficiently as other gases, 
and it has such shortcomings as a non-zero ultimate 
pressure, backstreaming, and a pumping fluid of 
finite vapour pressure. The characteristics of other 
pumping mechanisms are less well understood. 
Conventional getters combine a high pumping 
speed for some gases with a low speed for others, 
but the details of, e.g. the effect of an electric dis- 
charge on speed for various gases are only now being 
resolved'. Similarly the clean-up rate of gas in the 
presence of an electric discharge but in the absence 
of getters has been shown to depend upon the 
current flowing in an unexpected manner’. 


Need for Residual Gas Analysis 


In a practical case two or more of these four 
processes may operate simultaneously, so that the 
prediction of pressure for known conditions of 
virtual leakage may call for an appreciation of all 
of them. 

Experimental work on these four basic problems 
of vacuum technique calls for a variety of techniques. 
Common to them all, however, is the necessity or 
at least the desirability of low-pressure gas analysis. 
The standard pressure-measuring devices such as 
the McLeod gauge, the Pirani gauge, and the 
ionisation gauge, all give a weighted sum of the 
amounts of the various gases present in a mixture, 
yet frequently a knowledge of composition is also 
important. 

Various methods of gas analysis have been used 
in experimental work on these subjects in the past. 
Work on permeation has frequently dispensed with 
it altogether by using high throughputs, and assum- 
ing the purity of the gas on the vacuum side of the 
specimen foil. Low-pressure. volumetric analysis 
is possible for reasonable amounts of simple gas 
mixtures, but by far the most powerful general 
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method is the direct analysis of the gases present 
with a mass spectrometer. 

This paper discusses the use of the mass spectro- 
meter as an ionisation gauge for measuring directly 
the partial pressures of the various constituents of a 
low-pressure gaseous mixture, particularly a mixture 
of few components, all differing significantly in 
molecular weight. However, brief consideration 
will first be given to alternative methods to furnish 
a standard of comparison. 


ESTABLISHED METHODS OF LOW- 
PRESSURE GAS ANALYSIS 


Volumetric Techniques 


Small quantities of gas, down to say a few litre 
microns, can be analysed by low-pressure volumetric 
techniques. A typical schedule of basic operations 
in such an analysis is as follows :— 

The total amount of gas in the sample is first 
determined by using a McLeod gauge to 
measure the pressure produced by it in a known 
volume. The water vapour is then frozen out 
with solid carbon dioxide, and the amount 
of gas in the sample redetermined. Refrigera- 
tion with liquid nitrogen removes the carbon 
dioxide which is likewise estimated by dif- 
ference. The content of hydrogen and carbon 
monoxide can be determined by adding an 
excess of oxygen and heating a platinum wire 
in contact with the gas. The water and carbon 
dioxide produced can be estimated separately 
as before. The composition of the residue is 
assumed: In many cases it will be nitrogen. 

This technique has been widely used for vacuum 
problems, particularly in investigations on the 
outgassing of various metals heated im vacuo. In 
fact, Langmuir* was originally responsible for 
developing it in connection with studies of the 
gas evolution from incandescent lamp structures, 
but it has since been used by many others. 

For example, Norton and Marshall* have ex- 
haustively studied gas evolution from heated 
specimens of nickel, molybdenum, carbon, tungsten 
and iron, pre-processed in various ways. They 
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analysed the gas produced into carbon monoxide, 
carbon dioxide, hydrogen, and a residue which they 
assumed to be nitrogen. By doing several analyses 
during the course of an outgassing run, curves 
were plotted showing the evolution of various gases 
as a function of time for various fixed temperatures. 

A summary of the pre-war use of this low-pressure 
volumetric technique is given by Faskas and Mel- 
ville’. A more recent version of such an apparatus 
is that of Cayless®. 

Although the basic operations are simple, the 
volumetric chemical method is cumbersome com- 
pared with its mass-spectrometric equivalent. 
The apparatus used by Norton and Marshall for 
measuring only three components is already 
complex and their technique, though adequate for 
all likely compositions, is by no means infallible if 
unlikely gases are present. A considerable increase 
in complexity would result, if it became necessary 
to determine more components. 

Moreover, in many processes, rate of evolution 
is the significant quantity and this cannot be 
estimated continuously by the volumetric technique. 
The nearest approach to doing this was by Smithells 
and Ransley’ in their studies on the outgassing 
characteristics of nickel. They first showed that 
carbon monoxide, carbon dioxide, hydrogen and 
water vapour are evolved when nickel is heated 
in vacuo. To obtain evolution rate measurements 
on the carbon monoxide, they arranged a system, 
in which a cold trap continuously removed the 
water vapour and carbon dioxide by condensation, 
while a heated palladium tube removed the hydrogen 
by permeation so that measurements of the residual 
pressure (with an ion gauge) were effectively 
measurements of the carbon monoxide component 
alone. This enabled them to make a fundamental 
study of the outgassing of nickel, although the 
adequacy of this method of hydrogen removal is 
open to doubt. 


Miscellaneous Techniques 

Apart from the general volumetric method just 
outlined, and the general mass-spectrometric 
method which is the subject of the next section, a 


variety of analytical techniques of limited scope is 
available. 

A distinction can readily be drawn, for example, 
between ‘condensible’ and ‘non-condensible’ or 
permanent gases. This term is usually used to 
distinguish those gases which condense in a liquid 
air trap from those which do not, and thus in prac- 
tice to separate nitrogen, oxygen, carbon monoxide 
and hydrogen from hydrocarbons, water vapour 
and carbon dioxide, although, of course, many 
other gases occur in both categories. If a liquid 
air-cooled surface, upon which a mixture of gases 
has condensed, is allowed to warm up slowly and 
uniformly, the various gases will largely be evolved 
in bursts at particular critical temperatures. This 
effect has been made the basis of analytical methods 
by various workers from Campbell® to Cayless®. 

Such standard low-pressure measuring devices 
as the ionisation gauge and the Knudsen gauge 
give the sum of the partial pressures of the various 
gases present, but the weighting depends on the 
nature of the gauge. Hence, by noting the ratio 
of the readings of such gauges changes in a mixture 
composition can be observed. Such a technique 
was used by Schwarz’ to demonstrate electron- 
induced selective adsorption effects. 

Observations on escape rates of gas mixtures from . 
a vessel through a capillary have also been used to 
give an indication of gas composition. The method 
has been employed by Euringer!® and by Kenty and 
Reuter! but is effectively confined to few-com- 
ponent mixtures, in which the molecular weights of 
the constituents are widely separated. 


GAS ANALYSIS WITH THE MASS 
SPECTROMETER 


Gas analysis with the mass spectrometer is a 
well-established technique and discussion here will 
be confined to a few words of introduction. Further 
details may be found in the books by Barnard!’ 
and Robertson!?*, 

A complicated molecule, when it collides with an 
electron, may be fragmented in a variety of different 
ways, to each of which may be ascribed a certain 
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probability. Even a monatomic molecule may lose 
a varying number of its planetary electrons, thus 
acquiring a varying positive charge. When a 
mixture of gases is bombarded with electrons, 
various different ions are produced. The mass 
spectrometer sorts these out according to charge- 
mass ratio, and measures the current carried by 
each type. To infer from this the composition of 
the mixture it is necessary to know the mass— 
charge ratio and the relative frequency of occurrence 
of the several ions produced when each of the gases 
present is bombarded in the pure state in the same 
instrument operating under the same conditions. 
In the case of complicated mixtures the analysis 
of this data is in itself a difficult problem, but in 
many vacuum studies the interpretation of results, 
once obtained, is relatively easy. 

This method of analysis is only valid as long as the 
principle of superposition holds, 7.e. if the addition 
of gas B to gas A does not in any way affect the 
generation and collection of ions resulting from 
electron bombardment of A. It breaks down if, 
for example, the addition of B increases the gross 
pressure so much that space-charge effects or gas- 
scattering become significant. 

In Fig. 1 some of the ions from the common gases 
are shown together with the ion currents observed 
with a particular deflected-beam spectrometer as 
the mass spectrum is swept, the principal peak 


being normalised in each case to 100 units. This 
characteristic array of peaks for any gas is known 
as its ‘cracking pattern’. 

The cracking pattern depends both upon the 
relative preponderance of the different ions produced 
which is a function of the molecule concerned and 
the energy of the incident electrons and also upon the 
collection efficiency of the particular analysing de- 
vice which may vary from ion to ion. Therefore, des- 
pite a general similarity amongst cracking patterns 
obtained for the same gas with different machines, 
analytical accuracy suffers if those produced by 
one machine are used with another, particularly 
if these machines are of different types. 

The accuracy obtained depends very much upon 
the particular mixture analysed, as can be illustrated 
by considering the case of a simple combination 
of carbon monoxide and nitrogen. The four 
principal peaks have m/e ratios of 28, 16, 14, 12. 
Unfortunately, the molecular ions of both gases 
coincide at mass 28, and it is necessary to infer the 
amount of carbon monoxide present from, say, 
the mass 12 peak, and obtain the amount of nitrogen 
by subtraction. A superior technique, since there 
are also other peaks available for measurement, is 
to employ some mathematical procedure to deter- 
mine the composition giving the best fit to all the 
available data. In any case the analysis is less 


accurate than that of, say, a mixture of helium and 
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argon, where the principal molecular peaks do not 
coincide so that their heights may be directly 
compared. 

The cracking patterns are somewhat modified 
by the existence of isotopes, For example, the 
carbon monoxide spectrum shows a subsidiary peak 
at mass 29 about 1°%, the height of the mass 28 peak, 
which arises from carbon 13. 

The general procedure is the same whatever form 
of mass spectrometer is used. A cracking pattern 
for the mixture is first obtained by scanning its 
mass spectrum. In a number of cases the current 
carried by a particular ion gives immediately the 
partial pressure of one constituent, and changes 
of this with time can readily be followed. In other 
cases a more complicated analysis is needed, 
requiring measurements on several peaks. The scan- 
ning time in different mass spectrometers varies from 
a few tens of seconds to a few tens of microseconds, 
so that even in the least favourable case, relatively 
rapid changes of composition can be followed. 

The suitability of this technique for various 
vacuum investigations is bound up with the struc- 
tural and performance specifications of the various 
types of mass spectrometer available, and these will 
now be considered in greater detail. An approxi- 
mate assessment of excellence can be made in terms 
of the four following criteria:— 

(i) Resolution. The resolution of a mass spectro- 
meter is a measure of its ability to separate 
ions with adjoining m/e ratios. Many of 
the gases of interest in vacuum technique, 
such as hydrogen, helium, nitrogen, oxygen, 
water vapour, argon and carbon dioxide, have 
low molecular weights. The two prominent 
exceptions are hydrocarbon vapours (for 
example from pump fluids) and mercury. 
If these are ignored, the resolution require- 
ment in vacuum work is far from severe 
compared with that encountered with analy- 
tical machines. 

Sensitivity. In vacuum studies the pressure 
of the gas to be analysed may be very low. 
The mass spectrometer must have sensitiv- 
ity adequate to give an ion current, large com- 


pared with the background noise. This increase 
in collected ion current per unit of partial 
pressure can normally be obtained by in- 
creasing the electron current or by im- 
proving the collection efficiency. The latter 
method is to be preferred since measuring 
the electron current increases electrode 
temperatures and possibly the gas clean- 
up rate. 

(it) Background Pressure. A_ difficult require- 
ment for a mass spectrometer for some 
vacuum studies is that its background 
pressure must be very low, or more par- 
ticularly that the residual gas evolution rate 
must be small. Otherwise the analysing 
element will record its own background 
gases whether or not it is attached to another 
vacuum system. 

(iv) Simplicity. Economic factors are, of course, 
of importance in any piece of instrumenta- 
tion. A fully engineered analytical mass 
spectrometer such as is available commer- 
cially from several firms (mostly American) 
is an expensive piece of equipment, designed 
largely for analytical work as an aid to 
process control in the petroleum industry 
and equipped in a correspondingly lavish 
manner. Many of these refinements are not 
required for vacuum work. 

Simplicity in a rather more restricted sense is of 
importance, viz., simplicity of the metal electrode 
structure within the vacuum envelope. In view of 
the difficulty of degassing massive metal structures, 
these should be as few as possible, and precise 
mechanical alignments which might be upset by 
recurrent baking, should be avoided. These aspects 
should be given full attention, even at the expense 
of some increase in the complexity of the associated 
electronics. 


The Deflected-Beam Mass Spectrometer 


The most common form of mass spectrometer 
depends upon the deflection of a beam of charged 
particles in a magnetic field. The principle is shown 
in Fig. 2 where the magnetic field is normal to the 


paper and confined to the region ABC. If a par- 
ticular relationship holds between the initial velocity 
of the ions, the geometry of the system, the m/e 
ratio of the particles concerned and the strength of 
the magnetic field, a beam of ions diverging slightly 
from S, is deflected by the magnetic field through 
the angle « and converges on S,. If the energy of 
the particles or the strength of the magnetic field 
is altered, particles of a different m/e ratio can be 
made to pass through the slit S,, and their rate of 
arrival can be measured from the current they carry. 

Many variants on this central idea are possible. 
For example, the deflection angle can have any 
value: 60°, 90°, 180° have all been used. Improved 
focussing can be obtained by shaping the magnetic 
profiles AC and AB and by introducing an element 
_ of spatial non-uniformity into the magnetic field 
in the region ABC. 

An early example of the application of a mass 
spectrometer of this pattern to a vacuum problem 
is the work of Sloane and Press!* and also that of 
Arnot and Beckett!®. All these authors were in- 
terested in the ions released from a metal surface 
when it is bombarded by other ions, 7.e. in ion- 
bombardment induced desorption. The identity 
of the incident ions can largely be assumed if the 
discharge takes place in a pure gas (though two of 
the authors selected the incident ions mass-spectro- 
metrically) but the emergent ions must be identified 
to show their difference, if any, from the incident 
ones. A 180°-deflection system was used, built 
largely of brass with waxed joints so that nothing 
but the mildest baking was possible. The resolution 
was such that there was an uncertainty of several 
mass numbers in the 30 region of the spectrum 
which led to difficulties over peak identification. 
The background pressure corresponded to about 
10-§ mm. Hg. 

In 194016 Nier published his account of a 60°- 
deflection instrument originally developed for 
measurements on isotopes, but suitable for other 
purposes. The spectrometer tube itself was made 
of copper and to the ends wider glass tubes were 
joined via Kovar intermediaries. A number of leads 
were taken through these glass ends, and on these 
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the ion source structure was mounted at one end and 
the collection system at the other. The whole tube 
was produced by valve-construction techniques and 
baked up to near the collapsing temperature of the 
glass. The background evolution rate could be 
reduced to a correspondingly low figure. 

This was the first of the high vacuum precision 
spectrometer tubes. The magnet was mounted on a 
trolley and could be removed to facilitate baking. 
The resolution was more than adequate, but moving 
the magnet suggests that the setting up of the tube 
for optimum performance after each bake might be 
tedious. In a later publication!’ Nier described an 
improved ion source, but the general nature of the 


Fig. 2. Principle of deflected beam mass 
spectrometer. 


system was unchanged. 

Hipple!® designed a tube for 90° deflection in 
much the same way, 7.¢. it was a sealed-up, as opposed 
to a demountable, construction, and capable of 
being baked. 

Warmholtz 1° has devoted considerable attention 
to producing a system suitable for analysing the 
small quantities of residual gas in sealed-off vacuum 
tubes. His basic method was to attach the tube under 
investigation via a break-seal arrangement to an 
all-metal vacuum system including a 60°-deflection 
magnetic mass spectrometer, the whole of which 
could be raised in temperature to 350°C. The 
bakeable taps used a Teflon washer as seating and the 
motion was transmitted via stainless steel bellows. 
Copper gaskets were used to make the apparatus 
both bakeable and demountable. 
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The apparatus combines the advantages of 
mechanical rigidity and precision of manufacture 
associated with metal construction, with the low 
background outgassing rates which can be obtained 
by baking at high temperatures for long periods. Its 
background pressure was about 10° mm. Hg, and 
the electrical noise in the mass spectrometer ion 
current measuring circuit corresponded to a partial 
pressure of 10° mm. Hg. Undoubtedly this type 
of instrument is very suitable for a range of vacuum 
studies but there are certain fundamental difficulties. 
For example, if a mixture of gases is expanded into 
a baked vacuum system at a low pressure, it is 
possible for selective adsorption to remove one of 
the mixture components almost completely from 
the gas phase, and the presence of that gas will then 
not be indicated by the mass spectrometer. The 
importance of this effect can be qualitatively assessed 
from a knowledge of the heats of adsorption. 

Blears*® made some observations on the back- 
ground pressure in different mass spectrometers, 
and its variation with continuous pumping and 
baking. The approach was largely of the first type 
discussed in the introduction, viz., the use of a 
variety of instruments to observe the phenomena 
occurring in a ‘normal’ vacuum system. The tube 
of one mass spectrometer was of brass construction 
with many rubber gaskets, and it was pumped by 
an oil diffusion pump. It was thus characteristic of 
a wide range of demountable vacuum apparatus. 
The second tube was of sealed glass and copper 
construction, and was pumped by a mercury 
diffusion pump in conjunction with different 
refrigerants. It could be baked at 250° and hence 
was more typical of radio-valve type systems. This 
paper shows more than most others the potentialities 
of the mass spectrometer in the vacuum research 
field. Not only is data given on the variation of 
water vapour and other peaks with various treat- 
ments, but observations are also made on phenomena 
associated with the flashing of a tungsten wire. 

Brown and Leck*! used a standard analytical 
mass spectrometer in their studies of ion-bombard- 
ment induced adsorption and desorption. A 
Penning gauge was attached to it and gas A admitted 


until a discharge could be struck. Gas A was then 
pumped away and replaced by gas B. When a 
discharge was struck in this second gas, however, 
molecules of gas A reappeared in the gas phase. 

A mass spectrometer is essential for such an 
experiment since it involves measuring the con- 
centration of a particular species of molecule in 
the presence of a large number of others. Leck, 
however, was somewhat limited in his choice of 
gases for study since the quantities involved were 
small and the mass spectrometer had a relatively 
high background pressure. It was necessary to 
select gases which did not appear in the natural 
background to a significant extent, as for example 
the noble gases. 

The mass spectrometer has been used in an 
investigation of the adsorption of different gases on 
germanium by Law and Francois**. The germanium 
specimen was in the form of a filament which could 
be flashed by passing current through it. The 
amount of gas desorbed could be inferred from the 
partial pressure-time characteristics measured with 
the mass spectrometer. This technique made it 
possible, for example, to investigate the reaction 
of heated germanium with water vapour by observ- 
ing directly the concentration of one of the reaction 
products. 

Surprisingly little use has been made of the mass 
spectrometer in straightforward studies of the out- 
gassing of metals when heated im vacuo, yet it is 
particularly suitable for this type of experiment. 
The majority of the numerous investigators of this 
subject have heated the specimen for a lengthy 
period at a high temperature, and have collected 
and analysed the gas evolved with various degrees 
of completeness and accuracy. Volumetric methods 
have been most popular but Hickam**® used a mass 
spectrometer. This instrument, if available, would 
seem better applied in making a direct and con- 
tinuous measurement of the rate of evolution of 
different gases as the run proceeds. 

The author has made a few observations on the 
outgassing of commercially pure nickel with 
continuous analysis of the evolution products. The 
tool employed was an omegatron-type mass 
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spectrometer which suffered from the disadvantage 
that it operated satisfactorily only over a limited 
range of pressures. Hence, the technique adopted 
was to maintain, in a system pumped at known 
speed, a fixed total pressure, as indicated by an ion 
gauge, by varying the temperature of the specimen. 
This could be done by electronic means, and it was 
then easy to see, for example, the decreasing im- 
portance of carbon dioxide amongst the evolved 
gases as the run proceeded. 

In the ‘ideal case’ where one gas only is diffusing 
through the metal in accordance with Ficks law, and 
encountering no energy barriers while escaping 
through the metal-gas interface, the nature of the 
variation of temperature with time gives a value for 
the heat diffusion as long as the evolution rate is 
held constant. The outgassing of virgin nickel, how- 
ever, is too complicated for this simple model to 
apply. 

Permeation rate studies normally involve the mea- 
surement of the rate of penetration of gas through 
a metal foil from a region at the pressure p, to a 
region at the pressure p,, but in normal experi- 
mental work p, is arranged to be so small as to be 
effectively zero. Theory suggests that under these 
conditions the net permeation rate of a diatomic gas 
through a metal is proportional to the square root 
of the pressure but a number of experimental results, 
if presented in the form of permeation rate-pressure 
plots, give straight lines not passing through the 
origin. Smithells and Ransley™*, discussing these 
results, have offered an explanation which, however, 
is contested by Barrer?®. Ham**, dealing with the 
same subject, has suggested that if the material of 
the diffuser is exceptionally pure chemically, better 
agreement with simple theoretical prediction is ob- 
tained. 

An experimental difficulty underlying the deter- 
mination of permeation rates at very low pressures 
is the small throughput of gas, and hence with 
background gases present, the difficulty of measuring 
the pressure it establishes on the high vacuum side 
of the foil. 

A mass spectrometer would make this task much 
easier and diffusion of helium through glass has 
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been studied with its aid. Norton?’ used a con- 
ventional deflected-beam instrument. Alpert, Rogers 
and Buritz** used an ion gauge for their final 
measurements arising from earlier observations 
carried out in part with a mass spectrometer of the 
omegatron type”. 


The Omegatron 


‘Omegatron’ was the name given by Sommer, 
Thomas and Hipple*® to an apparatus developed 


E 


Fig. 3. Principle of operation of the omegatron 
Legend: A—Trapping voltage. B—Alternating 
voltage. C—Electron beam. D—Trajectory of 
resonant ion (non-resonant ions remain close to 
the electron beam). E—Ion collector. The mag- 
netic field is normal to the plane of the paper. 


by them where ions, generated by electron bombard- 
ment of a low pressure gas, are sorted by a cyclotron- 
type resonance effect produced in a magnetic field. 

The general principle of operation is shown in 
Fig. 3. An electron beam is fired through an evacua- 
ted vessel along a magnetic field of a few thousand 
gauss strength. Various ions are produced in the 
beam by electron collisions with molecules of the 
residual gas. A crossed electric field alternating 
at a critical frequency with respect to the magnetic 
field strength, gives energy to ions of a particular 
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e/m ratio and accelerates them away from the 
electron beam in a spiral orbit of increasing radius 
until they strike a suitably disposed ion collector. 

Acceleration of ions in this way is similar to that 
occurring in the conventional cyclotron. There are, 
however, two important differences. 

Firstly, in the ideal omegatron the alternating 
electric field is spatially uniform, with the attendant 
result that one ion species only is accelerated by a 
given frequency. Whereas, in the cyclotron, due 
to its Dee structure, a given frequency can, in 
principle, accelerate a ‘fundamental’ and a number of 
‘mass harmonics’ simultaneously. In practice, it is 
found that in the omegatron some spatial non- 
uniformity of the electric field can be tolerated 
without mass harmonic effects being serious, and 
guard ring systems to give field uniformity need 
not always be employed. 

Secondly, there is a difference of size. Cyclotrons 
are normally intended to produce particles accele- 
rated to energies of hundreds of KeV, and require 
magnets with pole faces many feet in diameter. 
The focusing mechanism, which retains the ac- 
celerating particles in the mid-plane of the magnet 
gap, depends upon the high spatially non-uniform 
electric field between the Dees, and upon the high 
velocity of the ions in the fringing magnetic field. 
In the omegatron on the other hand, the maximum 
energy reached by the proton is unlikely to exceed 
1000 eV, or the maximum radius of an orbit of 1 
cm. In this lies its attraction, for it becomes pos- 
sible to mount the electrode structure in a glass 
envelope using valve-construction techniques to pro- 
duce a unit which can subsequently be vacuum- 
processed by baking, eddy-current heating or elec- 
tron-bombarding. The normal cyclotron focusing 
mechanism does not operate, however, and ion 
trapping fields must be established, the shape and 
strength of which have a marked effect on the per- 
formance of the apparatus. 

A simple omegatron need have only twice the 
dimensions of a Penning gauge, though the associa- 
ted magnet is larger and the power supplies and 
measurement circuits more complex. Alpert and 
Buritz®*® have reported its use for residual gas 


analysis in sealed-off systems at very low pressures. 
An omegatron is used to show the presence of the 
helium probe in Bell’s*! leak detection apparatus, 
which has a sensitivity limit of about 10 1,/sec. 

It is explicit in Bell’s paper that the operation 
of the device is only satisfactory under restricted 
conditions, in particular at low pressures, and the 
spectrum shown by Alpert and Buritz has a low 
resolution. The author** has studied performance 
at higher pressures and shown that various spurious 
effects then become serious. 

Morgan, Jernakoff and Lanneau** have developed 
an ion-resonance mass spectrometer based on the 
omegatron, intended as a process-control tool rather 
than a high vacuum gauge. The requirements were 
thus reasonably high resolution and good stability 
of operation. These stipulations forced them to 
abandon the glass envelope design in favour 
of a rigidly mounted, precisely machined all-metal 
tube sealed with rubber gaskets, the ability 
to bake being accordingly restricted. The spectra 
they show give separation of adjacent mass numbers 
near 100, and it is claimed that reproducibility 
is good while cracking patterns are, in general, 
similar to those obtained with the conventional 
analytical instrument. 

One of the features contributing to the resolution 
and sensitivity obtained was the use of a spatially 
non-uniform alternating electric field, but the con- 
comitant disadvantage of mass harmonic accelera- 
tion was not discussed. For scanning purposes the 
frequency of the electric field was varied while the 
magnetic field was held constant. To make reso- 
lution less dependent on ion mass, the amplitude 
of the r.f. voltage was reduced at the same time as 
its frequency by a mechanically driven potentio- 
meter. If, as is usually the case, the ion current 
collected at a fixed mass varies with the strength of 
the alternating electric field, the general shape of a 
cracking pattern will depend on the precise manner 
of variation of r.f. voltage as the frequency changes. 

It is thus found with this, as with various other 
types of mass spectrometer, that the vacuum cleanli- 
ness of bakeable glass envelope constructions cannot 
easily be combined with the higher resolution and 
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good reproducibility obtained in a demountable 
metal tube. A choice must be made between a 
device having a low outgassing rate in operation, 
and one giving good resolution, reproducibility and 
ease of operation but involving a higher more 
variable background pressure. 


The R.F. Mass Spectrometer 


Several attempts have been made to use time- 
varying electric fields for sorting of charged particles, 
and latterly good progress has been made in develop- 
ing simple reliable mass spectrometers of moderate 
resolution based on this principle. One design is 
the r.f. mass spectrometer associated with the 
names of Bennett** and others. 

The basic principle of this device can be seen 
from Fig. 4. Ions produced by electron bombard- 
ment of a gas are accelerated to a constant energy and 
passed into the analysing part of the device. The 
basic element here consists of three high-window 
ratio meshes in series, the outer two being joined 
together with an r.f. voltage applied between them 
and the central grid. 

If the frequency of the r.f. signal and the energy 
of the incident ions are fixed, the energy of the ions 
emerging from the grids is a function of ion mass, 
some ions having gained energy from the alternating 
electric field, and others having lost energy to it. 
If the collector is biassed so that only the most 
energetic ions can reach it, the current collected 
will be derived from one ion species only. If, now, 
the frequency of the r.f. voltage is altered, or the 
energy of the incident particles, ions of a different 
mass receive maximum energy increment and it is 
then these which are collected. 

A disadvantage of a simple system of this type is 
that the energy received by an ion is also dependent 
on the phase angle of the r.f. voltage at the instant 
when the ion crosses the first grid, and the energy 
increment acquired drops off quite rapidly if this 
phase angle is not the optimum value. If the bias 
on the collector is high enough to exclude completely 
all ions of adjoining masses, a small proportion 
only of the wanted ions is collected. 

An improvement is obtained by using two or more 
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Fig. 4. Principle of operation of the R.F. 
mass spectrometer. Legend: A—Ion gun. B— 
Biassed ion collector. C—Meshes to which r.f. 
voltage is applied. 


of the basic analysing units in cascade, the time of 
flight of resonant ions between the units being equal 
to an integral number of r.f. cycles. Bennett con- 
structed a two-stage tube having a separation of 
6 cycles, and a three-stage tube with separations of 
9 and 7 cycles. Wherry and Karasek** have des- 
cribed a five-stage Bennett-type with drift spaces of 
5, 9, 4 and 7 cycles. 

In order to maintain the velocity of the resonant 
ions constant, (despite the energy they gain from 
the alternating electric fields), decelerating d.c. 
potentials are superimposed on the r.f. potentials. 
Details of the precise arrangements, and curves 
showing the relationship between collected ion 
current and such variables as mass, r.f. frequency 
and collector potential are given in the publication 
cited*4, 

Redhead** and Redhead and Crowell®’ have 
described a design variant in which 20 or more grids 
in series are equally spaced. All the odd-numbered 
grids are connected together and the r.f. voltage 
is applied between these and the even-numbered 
grids similarly joined. This arrangement has been 
used by Boyd and Morris** to analyse the ions 
incident on the walls of a discharge tube. Since 
there was a high pressure in the discharge tube 
itself (3—1000u Hg), a small ion entrance aperture 
into the analyser and a high pumping speed from 
it were necessary to secure a low enough pressure 
for successful operation. 

In the case of the r.f. mass spectrometer, as 
opposed to the omegatron, certain advantages can 
be obtained by using waveforms other than sinusoi- 
dal. The advantages of square waves were suggested 
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by Henson*’, while Peterlin*® gave. a theoretical 
treatment of performance with a saw-tooth wave- 
form. There are experimental difficulties in estab- 
lishing such a voltage variation at a 2 Mc/sec. 
repetition rate across a capacitative load, and 
Dekleva and Peterlin “1 confined their experimental 
study to a waveform comprising sinusoidal funda- 
mental mixed with one harmonic only. 

The papers on the r.f. mass spectrometer are all 
heavily weighted on the theoretical side, and little 
information is available concerning practical limi- 
tations on, say, partial pressure detection limits such 
as might arise from space-charge effects. Certain 
general observations may be made, however. It is 
inherent in the operation of this type of device that 
the resolution can only be increased by reducing 
the sensitivity, and vice versa. Indeed, Redhead 
and Crowell have shown that the product of sensi- 
tivity and resolution is a constant. The numerical 
value of this is much the same both for sine-wave 
and square-wave operation, though in the latter case 
the performance is less affected by the thermal 
velocities of the ions, and more dependent on the 
precise location of the grids. Constructional tech- 
niques have varied widely. Demountable metal 
and glass envelopes have both been used, but, as with 
the omegatron, the former is to be preferred, unless 
an ultra-high vacuum is required. 

Since so many grids are operated in series, the 
window ratio of these grids must be very high in 
order to keep down the loss of ions by collision, and 
open-mesh constructions knitted from 0.0005 inch 
tungsten wire have been described in the literature. 
If the grids are to be electrically equivalent to 
unipotential sheets, the separation between them 
must be large compared with the size of the mesh 
apertures, which, in its turn, depends upon the 
minimum size of tungsten wire available. The 
diameter of the wire used for the meshes thus 
largely determines the overall dimensions of the 
tube. 

The freedom of the r.f. mass spectrometer from 
magnetic fields is a powerful advantage, and leads 
to the hope that interference with simple operation 
by space-charge effects will not be serious. In 


addition, the absence of any magnet represents a 
considerable saving of weight, a feature which was 
exploited in the experiments of Townsend*?. He 
mounted an r.f. type mass spectrometer in the nose 
of a rocket designed for upper atmosphere research 
and arranged that at a suitable height it would open 
to the surrounding atmosphere and commence 
operation with a one-per-second scan, the infor- 
mation being transmitted back to base by radio. 
Considerable problems in instrumentation had to be 
overcome to make this possible. In addition, 
discharge-induced sorption and desorption effects 
might mean that the device would not transmit true 
information concerning its new and changing 
environment until after a period exceeding the 
rocket flight time. 


Time-of-Flight Mass Spectrometer 


The term ‘time-of-flight’ is here reserved for 
spectrometers in which a mono-energetic bunch 
of mixed ions is allowed to enter a field-free drift 
tube. Since ions of different masses have different 
velocities the primary pulse separates out into a 
number of secondary pulses as it drifts down the 
tube, each containing one ion species only. The 
size of these pulses and their time of flight then give 
the required information concerning the density and 
identity of the parent molecules. 

In an early instrument of Cameron and Eggers*® 
a 5usecond pulse of ions drifted through a tube 
317 cm. long, the pulses of individual ions spread 
out to 20 to 30 wseconds, and a low resolution was 
obtained. In a later version, by Wolff and Stephens** 
the pulse length was reduced to }$yusec, and a ten- 
stage multiplier was incorporated in front of the 
final collector, so that cathode-ray tube presen- 
tation of the spectrum was possible. The resolution 
was still only 10 at mass 20. 

Katzenstein and Friedland*® developed a mass 
spectrometer with a theoretical resolution of 200, 
well over half of which was obtained in practice. 
The principal interest was to make accurate appear- 
ance potential measurements, and hence the electron 
beam was pulsed, the ion extraction voltage being 
applied only when the electron beam was cut off. 
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This practice also contributes to the quality of the 
resolution. Also the ion collector was gated so that 
it could receive incident ions only during a small 
interval at a predetermined time after the operation 
of the ion extraction pulse. Thus it was possible to 
adjust the instrument to receive one ion species 
only, and integrate the pulses received over a num- 
ber of cycles. No data is given on the ability of this 
instrument to record low partial pressures. 

The circuitry involved was rather intricate, e.g. 
the ion collector gating pulse of 0.lusec had to be 
stable, precisely adjustable in time and free from 
jitter to 0.05usec. The vacuum jacket of the par- 
ticular model described consisted of a stainless 
steel tube with flanged ends to which plates carrying 
the electrode structures were bolted. The use of 
Teflon gaskets gave a maximum baking temperature 
of 350°C, though 100°C was the normal figure. 

Wiley and McLaren*® use, in their time-of-flight 
mass spectrometer, an improved type of ion source 
operating under carefully-controlled conditions. 
The principle of operation is shown in Fig. 5. Ions 
are produced by a transverse electron beam in the 
region A and these ions come under the influence 
of two accelerating fields in turn, one in the region 
A and the other in the region B before entering the 
drift region C. Both the extraction fields A and 
the electron beam are pulsed so that when the ions 
are being formed, 7.e. the electron beam is on, the 
extraction field A is zero and does not become opera- 
tive until the electron beam has been cut off. The 
duty cycle is not more than a few per cent, and may 
be considerably less, but all the ions produced 
during the small fraction of time while the electron 
beam is on, can, in principle, be collected. 

There are two basic factors limiting the resolution 
attainable in such a device. One is the initial thermal 
velocities of the ions, and the other is the spatial 
distribution of their points of origin. Frequently, 
an alteration of tube parameters designed to mini- 
mise one effect accentuates the other, and in prac- 
tice the use of an ion source with the two separately 
controlled regions of ion acceleration A and B, 
gives a flexibility which is valuable in finding the 
best compromise. 


The use of an electron multiplier with a gain 
between 10° and 5x 10° enables a complete spec- 
trum to be displayed on a cathode-ray tube in a sweep 
time of a few microseconds, so that rapid changes 
of gas composition can be followed. However, the 
spectrometer is of brass construction with rubber 
gaskets, and has a background pressure between 
5x10 and 5x 10° mm. Hg so that this form of it 
is unsuitable for many high vacuum studies. 

The resolution obtained with these two spectro- 
meters is more than adequate for vacuum work. 


Pulsed electron 
beam 
| Ion 
| collector 
| 
A c 
Ist. Accelerating 2nd.Accelerating Drift region 
region region 


Fig. 5. Principle of operation of the time-of- 
flight mass spectrometer. 


Apart from the technique of making and flattening 
the high window ratio mesh, the tubes themselves 
are relatively simple and there is no critical align- 
ment or positioning. It seems possible that, after 
some modification, a bakeable ultra-high vacuum 
model might be obtained. In both cases, a fairly 
large amount of millimicrosecond-pulse circuitry 
is involved, but for vacuum studies, particularly 
those at very low pressures, any reduction of com- 
plexity of the electrode structure inside the vacuum 
envelope is well worth some complication of the 
supporting apparatus. 


CONCLUSIONS 


There always is a background or residual pressure 
in a vacuum system, though its value may vary over 
several orders of magnitude depending on the 
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by Courtesy of Metropolitan Vickers Electrical Co. Ltd. 


Fig. 6. Typical spectrum of a few-component mixture of simple gases (air). 
Energy of bombarding electrons—4oV. Ion current (N2* peak) —appr. 107A, 


care exercised in cleansing, pumping and baking. 
Conventional methods of measuring the con- 
centration of the gas under study are unreliable if its 
pressure is low enough to be comparable with 
the background. The mass spectrometer makes 
possible the measurement of the partial pressure 
of one gas in the presence of another and hence 
partially removes this limitation. This improve- 


ment in technique can be applied to a number 
of different experiments designed to yield in- 
formation on vacuum processes. 

A variety of different mass spectrometers exists, 
some of which are of very recent origin so that their 
advantages and disadvantages cannot yet be fully 
appreciated. Accordingly the following observations 
are tentative. 


Fig. 7. General view of the Metropolitan Vickers M.S.2 mass spectrometer. 
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(t) If there is no shortage of gas, and poor resolu- 
tion is acceptable, the simplest device is the rf. 
mass spectrometer of Bennett. For this class of 
work the assembly can be mounted in a demountable 
envelope with provision for mild or no baking. 

(7) Another class of work is that where poor 
resolution is acceptable but the gases to be analysed 
are at very low pressure. Here, a glass envelope 
and an electrode structure which can be eddy- 
current heated im situ are necessary if the background 
pressure of the device is not to dominate the 
pressure in the system to be studied. It is possible 
that a simple omegatron is most suitable in this 
case, particularly if for any reason low electron cur- 
rents are desirable. 

(1) Work of full analytical standard usually calls 
for resolution of adjoining mass numbers up to at 
least 100, and considerable stability of operation. A 
metal-envelope precision-made omegatron-type in- 
strument suitable for this purpose has been des- 
cribed and similarly r.f. and time-of-flight tubes of 
some complexity. Deflected-beam spectrometers 
are well established in this field and it is difficult to 
see what advantages new types have to offer. Ifa 


1 BLoomMeR, R. N., Brit. f. Appl. Phys., 8, (1957), 40-43. 
‘Barium Getters and Oxygen.’ 


2 BLOOMER, R. N. and Haine, M. E., Vacuum, 3, (1953), 
128. 
‘The Electronic Clean-Up of Gases in Sealed-Off 
Vacuum Systems.’ 


3 LANGMUIR, I., 7. Amer. Chem. Soc., 34, (1912), 1310. 
‘A Chemically Active Modification of Hydrogen.’ 


4 NorTOn, F. J. and MARSHALL, A. L., Trans. Amer. Inst. 
Min. (Metall.) Engrs., 156, (1944), 351. 
‘Degassing of Metals. 


> Farkas, A. and MELVILLE, H. W., Macmillan & Co. Ltd., 
London. (1939). 
‘Experimental Methods in Gas Reactions.’ 


Cay.ess, M. A., Brit. Appl. Phys., 7, (1956), 13, 
“The Analysis of Gases at Low Pressure.’ 


7 SMITHELLS, C. J. and RANSLEY, C. E., Proc. Roy. Soc. A., 
155, (1936), 195. 
‘Diffusion of Gases through Metals. Part III. Degas- 
sing of Ni and the Diffusion of CO through Ni.’ 


8 CAMPBELL, N. R., Proc. Phys. Soc., 33, (1920-21), 287. 
‘A Method for the Micro-Analysis of Gases by the 
Use of a Pirani Pressure Gauge.’ 


VACUUM RESEARCH AND THE MASS SPECTROMETER 


References 


metal tube is constructed in such a manner that it is 
bakeable, large reductions in its background pressure 
are possible. 

(tv) The most rapid scanning time reported for 
any mass spectrometer is that of the time-of-flight 
device, but, in view of the time constant associated 
with the gas-phase sorbed phase equilibrium, the 
potentialities of a very short scanning time can 
rarely be exploited. 

In view of its essential complexity it seems un- 
likely that the mass spectrometer will ever become a 
standard piece of vacuum instrumentation such as 
the ionisation gauge, particularly since there are 
many cases where a knowledge of gas composition 
is not essential. If, however, the increase in com- 
plexity is accepted, there are a variety of different 
mass spectrometer instruments available from which 
to choose in order to obtain the best combination 
of required characteristics. 


The author wishes to thank Dr. T. E. Allibone, 
F.R.S., Director of the Laboratory. for permission 
to publish this paper. 


® ScHWaARZ, H., Z. Phys., 122, (1944), 437. 
‘Gas Clean-Up and Composition Change when 
Measuring Very Low Pressures by the Ionisation- 
Manometer.’ 


10 EURINGER, G., Z. Phys., 96, (1935) 37: 


‘Time Variation of Evolution of Gas from a Heated 
Wire in Vacuum.’ 


11 KENTY, C. and REUTER, F. W., Jr., Rev. Sct. Instrum., 18, 


(1947), 918. 
‘An Apparatus for Micro-Gas Analysis.’ 


12 BARNARD, G. P., Modern Mass Spectrometry, (Inst. 
Phys., London, 1953). 


13 ROBERTSON, A. J. B., Mass Spectrometry, (Methuen & Co. 
Ltd., London, 1954). 


14 SLOANE, R. H. and Press, R., Proc. Roy. Soc., A168, 
(1938), 284. : 
‘Formation of Negative Ions by Positive-Ion Impact 
on Surfaces.’ 

1 ARNOT, F. L. and BECKETT, C., Proc. Roy. Soc., A168, 
(1938), 103. 
‘New Process of Negative-Ion Formation, Part IV.’ 


16 Nier, A. O., Rev. Sci. Instrum., 11, (1940), 212. 
‘A Mass Spectrometer for Routine Isotope Abun- 
dance Measurements.’ 


107 


vol. 
5 
3 
ils 


7 NorTON, F 


A. G. EDWARDS 


Nuer, A. O., Rev. Sci. Instrum., 18, (1947), 398. 
‘A Mass Spectrometer for Isotope and Gas Analysis.’ 


Hipp, J. A., ¥. Appl. Phys., 13, (1942), 551. 
‘Gas Analysis with the Mass Spectrometer.’ 


Institute of Petroleum, Applied Mass Spectrometry, 
(1954), 94. 


BERS, J., F. Sci. Instrum., Supplement No. 1, Vacuum 
Physics (1951), 36. 
‘Application of the Mass Spectrometer to High 
Vacuum Problems.’ 


Brown, B. E. and Leck, J. H., Brit. ¥. Appl. Phys., 6, 


(1955), 161. 
‘Desorption of Gas in the Cold Cathode Ionisation 


Gauge.’ 


Law, J. T. and FrANco!Is, E. E., Annals New York Acad. 


Sciences, 58, (1954)s 925. 
‘The Adsorption of Gases and Vapors on Germanium.’ 


Hickam, W. M., Anal. Chem., 24, (1952), 362. 
‘Determination of Carbon, Oxygen and Sulfur in 
Copper.’ 


SMITHELLS, C. J. and RANSLEY, C. E., Proc. Roy. Soc., 
AI50, (1935), 172. 
‘Diffusion of Gases through Metals.’ 


> Barrer, R. M., Diffusion in and through Solids, C.U.P., 
(1941), 171. 


Ham, W.R., F. Chem. Phys., 75 (1939) 5 903. 
‘Diffusion of Hydrogen through Oxygen-free Copper.’ 


J., F¥. Amer. Ceram. Soc., 36, (1953), 90 
‘Helium Diffusion through Glass.’ 


Rocers, W. A., Buritz, R. S. and ALPERT, D., 7. Appi, 


Phys., 25; (1954), 868. 
‘Diffusion Coefficient, Solubility, and Permeability for 
Helium in Glass.’ 


SOMMER, H., THOMAS, H. A. and Hippie, J. A., Phys. 
Rev., 82, (1951), 697. 
‘The Measurement of e/M by Cyclotron Resonance.’ 


ALPERT, D. and BuriTz, R. S., F. Appl. Phys., 25, (1954), 
202. 
‘Ultra-High Vacuum II Limiting Factor on the Attain- 
ment of Very Low Pressures.’ 


Bat, Technical Journal, 5, (1955), 39. 
‘The Omegatron as a Leak Detector.’ 


Epwarpbs, A. G., Brit. ¥. Appl. Phys., 6, (1955), 44 
‘Some Properties of a Simple Omegatron-Type Mass 
Spectrometer.’ 


33 MorGAN, W. A., JERNAKOFF, G. and LANNEAU, K. P., 


Ind. Engng. Chem., 46, (1954), 1404. 
‘Ion Resonance Mass Spectrometer.’ 


34 BENNETT, W. H., F. Appl. Phys., 21, (1950), 143. 
‘Radiofrequency Mass Spectrometer.’ 


Wuerry, T. C. and KARASEK, F. W., 7. Appl. Phys., 26, 
(1955), 682. 
‘Performance of the Non-Magnetic Radio-Frequency 
Mass Spectrometer Tube.’ 


REDHEAD, P. A., Canad. F. Phys., 30, (1952), I. 
‘A Linear Radio-Frequency Mass Spectrometer.’ 


REDHEAD, P. A. and CROWELL, C. R., 7. Appl. Phys., 24, 


(1953), 331. : 
‘Analysis of the Linear RF Mass Spectrometer.’ 


a wees a L. F. and Morris, D., Proc. Phys. Soc., A.68, 
1955), I. 
‘A Radio-Frequency Probe for the Mass-Spectro- 
metric Analysis of Ion Concentrations.’ 


HENSON, A. F., ¥. Appl. Phys., 21, (1950), 1063. 
‘A Modification to the Radiofrequency Mass Spectro- 
meter.’ 


PETERLIN, A., Rev. Sci. Instrum., 26, (1955), 398. 
‘Revolving Power of the Three Grid System of the 
Bennett Type Mass Spectrometer.’ 


DEKLEVA, J. and PETERLIN, A., Rev. Sci. Instrum., 26, 
(1955)s 399. 
‘Improved Resolving Power of the R.F. Mass Spectro- 
meter by Changing the Signal Shape.’ 


TOWNSEND, J. W., Jr., Rev. Sci. Instrum., 23, (1952), 538. 
‘Radiofrequency Mass Spectrometer for Upper Air 
Research.’ 

TOWNSEND, J., MEADOWS, E. B. and PrEssLy, E. C., 


Electron. Engng., 25, (1953), 470. 


CAMERON, A. E. and Eacrrs, D. F., Jr., Rev. Sci. Instrum. 
19, (1948), 605. _ 
Ion ‘‘Velocitron’’.’ 

Wo Fr, M. M. and STEPHENS, W. E., Rev. Sci. Instrum., 
24, (11), (1953), 616. 


KATZENSTEIN, H. S. and FRIEDLAND, S. S., Rev. Sct. 
Instrum., 26, (1955); 324. 
‘New Time-of-Flight Mass Spectrometer.’ 


Wiey, W. C. and McLaren, I. H., Rev. Sci. Instrum., 
26, (1955), 1150. 
“Time-of-Plight Mass Spectrometer with Improved 
Resolution.’ 


36 
23 
24 
41 
2 . 
30 44 
46 
108 
48 


Published November, 1957 


recent developments in 


Vacuum, Vol. V 


SPECIMEN PREPARATION TECHNIQUES FOR ELECTRON 


MICROSCOPY 


V. E. Cosslett, M.A., M.Sc., Ph.D. & 
R. W. Horne. 


Summary 


PRESENT DAY METHODS employed in the preparation of 
specimens for examination in the electron microscope are 
reviewed. After discussing the properties required of the 
specimen supports and mentioning the standards available 
for a critical assessment of the micrograph the authors 
describe microtomes available for ultra-thin sectioning, 
staining techniques, freeze drying techniques, and various 
replication methods employed in the preparation of 
specimens of biological materials. Special mention is made 
of the uses of the recently developed techniques for the 
deposition of carbon films. In the second part of the paper 
the authors investigate the present techniques employed 
for the specimen preparation of inorganic materials, in 
particular the crystalline structure and surface conditions 
of metals. Silicon monoxide replication methods are men- 
tioned in connection with the preparation of specimens for 
chemical studies and certain aspects of the specimen 
preparation of fibrous materials are mentioned. 


Cavendish Laboratory, 
University of Cambridge.* 


Sommaire 


LES METHODES actuelles de préparation de specimens, devant 
étre éxaminés au microscope électronique, sont passées en 
revue. Aprés une discussion sur les propriétés requises des 
supports de specimen, mentionnant les supports dispon 
ibles standards pour une répartition du micrographe, 
les auteurs décrivent, les microtomes disponibles pour des 
tranches ultra minces, les techniques de teinture, la tech- 
nique de lyophilisation et des différentes méthodes de 
réplique employés dans la préparation de specimens de 
matériaux biologiques. On mentionne  spécialement 
Vemploi de techniques récemment développées pour 
déposer des couches de carbone. Dans la deuxiéme partie 
de leur article, les auteurs étudient les techniques actuelles de 
préparation de specimen de matériaux inorganiques, en 
particulier la structure crystalline et les conditions de la 
surface de métaux; mention est faite des méthodes de 
réplique a4 l’oxyde de silicone ayant rapport avec la pré- 
paration de specimens pour recherches chimiques, et de 
rte aspects de la préparation de specimen de matériaux 
breux. 


PART I 
INTRODUCTION 


RECENT ADVANCES in the design and construction of 
production electron microscopes have made avail- 
able instruments capable of resolving detail below 
10A. This rapid development has created a situa- 
tion such that the electron microscope is far in 
advance of existing preparation techniques*. The 
user is presented with the possibility of being able to 
resolve detail hitherto unseen, but at the same time 
the shortcomings in specimen preparations are 
revealed. 

It would be outside the scope of a short paper to 


* MS. received March, 1957 


deal with all of the details in specimen problems now 
encountered in electron microscopy, nor would it be 
possible to include the large range of special applica- 
tions. The vast amount of literature published in 
recent years is evidence in itself of the rapid growth 
in the field of electron microscopy. 


SPECIMEN SUPPORT 


The object in the electron microscope must be 
supported by some means, and the support must be 
rigid enough to withstand handling prior to inser- 
tion in the instrument; it must also remain stable in 
the electron beam during examination. In addition 
to these requirements the substrate must be very 
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thin, in the order of less than 100A. Normal 
methods of preparing such a substrate consist of 
spreading a thin nitro-cellulose or Formvar film 
over the surface of a copper mesh grid or disc with 
suitable apertures!. These plastic films, unless care- 
fully prepared, have a tendency to move or drift 
during irradiation in the electron beam. By evapo- 


Preparation of a Carbon Specimen Support 


Fig. 1. A simple arrangement for evaporating 
carbon. Legend: A—Tension spring to ensure 
contact between carbons, B—Insulator, C—5 mm. 
diameter carbon rods, D—Leads to transformer. 


rating a conducting layer onto the surface to improve 
electrical conductivity a more stable film results, 
but the thickness of the substrate is increased. This 
thickness added to the object which it supports may 
produce a total object thickness beyond the limits 
required for high resolution work**, 

The development of carbon films* 4 by evzpora- 
tion makes possible the production of very thin 
object supports of considerable stability. Fig. 1 
shows the simple device for evaporating carbon in 
a vacuum chamber. Carbon is evaporated onto a 
carefully cleaned glass slide and removed by float- 
ing the film onto a water surface. A microscope grid 
held between forceps is placed under the film 
stripped from the slide and raised until the grid and 
carbon are in contact. On raising it further the grid 


is covered with carbon and removed; it is then 
placed with the carbon upwards on a dust-free 
surface and allowed to dry. Carbon films prepared 
in this way are very delicate, and are not suitable for 
all objects. An alternative method used for prepar- 
ing carbon films for supporting ultra-thin sections 
is to cover the specimen grid with a thin nitro- 
cellulose film and then to evaporate a carbon layer 
onto the surface. Once the section or object to be 
examined is in place on the carbon side of the sup- 
porting film, the nitrocellulose is dissolved away 
from underneath with amyl-acetate or another suit- 
able solvent. This method of preparing the sub- 
strate enables the grid with supporting film to be 
inserted in the microtome bath, hence reducing the 
risk of loss or damage due to surface tension effects. 

Methods for preparing special Formvar or nitro- 
cellulose ‘nets’ have been described® for the support 
of biological sections. For high resolution work 
below 15A, ‘nets’ containing holes of suitable size 
must be carefully stabilised by evaporating carbon 
or metal onto the films. Another method of stabilisa- 
tion is that of carefully irradiating the ‘nets’ in the 
electron microscope prior to mounting the object. 
This irradiation results in contamination from the 
beam being deposited on the surface. 

Although carbon supporting films can be made 
sufficiently thin and of suitable stability, they are 
unsuitable for certain chemical and colloidal suspen- 
sions due to electrostatic effects. When severe 
charging effects are encountered the suspension may 
be dried down onto a different surface and carbon 
evaporated onto the object. The carbon is then 
stripped from the surface so that the film contains 
material pulled off during the stripping!. The struc- 
ture of carbon substrates requires careful investiga- 
tion in very high resolution work, to ensure that 
possible ‘background’ effects are reduced to a 
minimum. 


TESTING STANDARDS 


The need for a suitable test object for the high 
resolution electron microscope has been apparent 
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for some time. Such an object must be capable of 
easy preparation and be free from possible artefacts. 
The work on metal phthalocyanines (Menter®) has 
presented the electron microscopist with an ideal 
test object in the form of a crystal containing a small 
molecular lattice, see Fig. 2. The metal-loaded 
planes in platinum phthalocyanine, for instance, 
showed a directly measured spacing of 11.97A as 
compared with 11.94A from x-ray analysis. 

Colloidal suspensions, particularly the gold 
colloids’, have received considerable attention in the 
past as standards of resolution. It has not been 
possible to prepare gold sols of sufficiently small 
particle size to meet the requirements of present 
instruments with very high performance. Silver 
iodide sols* have been prepared having particle sizes 
approaching the limit of resolution of the production 
electron microscope. However, these sols require 
careful preparation to exclude coagulation and to 
ensure cleanliness. A range of very small particles 
prepared from silver-iodide sols are shown in Fig. 3. 

Other methods of checking resolution have been 
described by Haine et a/.® and Hillier et a/.!°, using 
the Fresnel fringe visible when the image is slightly 
off focus. A suitable object such as a supporting 
film containing a small circular hole or spherical 
particle is brought into the field of view at high 
instrumental magnification (40,000 to x 80,000) 
and viewed with an optical telescope of suitable aper- 
ture and magnification. 

When the image is viewed slightly above focus a 
dark fringe is visible at the edge of the object. It is 
claimed that if such a fringe is clearly separated at a 
uniform distance, i.e. 10-15A, then the resolving 
power of the microscope must approach this figure. 
It is preferable that such an object should have 
sufficient scattering power to produce good contrast 
on the final screen without the use of small objective 
aperture discs. The introduction of contaminated 
apertures will produce not only instability, but 
astigmatism independent of that caused by the 
lens. No simple method of cleaning these aperture 
discs has yet been devised in spite of the many 
attempts to remove contamination deposited both 
inside and outside the microscope. 
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Standards of Resolution 


(0) (c) 

by Courtesy of Proc. Roy. Soc. 

Figs. 2(a-c). (a) (Top). Electron micrograph of 

part of crystal of platinum phthalocyanine showing 

image of lattice planes 12A apart. Magnification 

x 1,500,0c0. (b) (Left). Part of crystal of platinum 

phthalocyanine showing edge dislocation. The 

dislocation line is perpendicular to the plane of the 

paper. Magnification as before. (c) (Right). Sketch 

copied from (6) showing exact position of extra 
plane of molecules. (Menter) 


Fig. 3. Silver iodide sol mounted on carbon 
substrate, showing small particles approaching 
the background structure. Magnification = 600,000. 
(Ottewill & Horne) 
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Sectioning I. The Cutting Tool 


Fig. 4. The Philips ultra-microtome using 
magnetostriction principles for the advancement 
of the specimen. (Haanstra) 


Fig. 5. Diagram of microtome for cutting ultra- 
thin sections, capable of being constructed in the 
laboratory workshop. Legend: A—Operating handle, 
B—Glass Knife, C—Liquid bath, D—Specimen 
block and holder, E—Low power microscope, 
F—Light source, G—Heating coil, H—Supply 
for heating coil. (Porter and Blum) 


SPECIMEN PREPARATION OF 
BIOLOGICAL MATERIALS 


The limitation of resolving power by scattering 
of electrons in the object, the amount of which 
depends on its thickness, has resulted in the explora- 


tion of new methods of preparing biological objects 
for the electron microscope. Three main techniques 
have revolutionised specimen preparation for elec- 
tron microscopy :— 

(a) the cutting of ultra-thin sections, 

(6) selective digestive and staining techniques 

and 
(c) replica methods. 


Sectioning Techniques 

The vast amount of literature published on ultra- 
thin sectioning techniques and microtomes makes it 
impossible to do more than describe the essentials 
of the method. Various types of microtomes for 
electron microscopy have been manufactured com- 
mercially and constructed in the laboratory, but 
certain features are common to the majority of them. 
In order to advance the specimen towards the 
cutting knife a metal rod is heated electrically or 
thermally expanded by some other method. The 
rod is fixed at one end to a rigid frame through a 
type of universal joint. Specimens are mounted 
securely at the other end in a chuck device which is 
moved mechanically against the cutting edge of the 
knife. The action is a single-pass cut, so as to pre- 
vent the block coming into contact with the cutting 
edge on the return of the specimen ready for the 
next cut. A number of ingenious methods have been 
described enabling this action to take place by 
mechanical or electrical means!!~*, Fig. 4 shows a 
commercial microtome using the magnetostriction 
principle, capable of producing sections approaching 
60A in thickness. Fig 5 shows a successful micro- 
tome constructed in the laboratory. 

Mechanical design plays an important part in the 
function of a successful microtome but even more 
essential is a suitable cutting edge. Broken glass 
knives are widely used in spite of the limitation of 
only being able to use the edge for short periods. 
Improved methods of sharpening conventional 
microtome knives have been described" and attempts 
to employ rare stones, such as diamonds, have met 
with some success!®, 

An embedding material of sufficient hardness must 
be used, depending on the particular specimen to be 


5 
195 
F 
(com 
H 
112 


sectioned. A successful embedding medium using 
n-butyl and methyl] methacrylates is widely employed 
for many preparations!’. But as the technique of 
ultra-microtomy developed, the production of arte- 
facts on polymerisation became apparent in the case 
of certain types of specimens. In recent investigations 
the epoxy resins have been studied as an alternative 
embedding material, with the advantage of being 
able to vary the hardening rate for different speci- 
mens!® 19 see Fig. 6. The use of a polyester resin 
has also been advocated?°, 


Fixation and Staining Techniques 


However, there still remains the problem of staining 
the tissue to enhance contrast in the electron micro- 
scope image. Osmium tetroxide is widely used for 
many of the tissues examined in the microscope. 
Prepared material such as bacteria, for instance, is 
placed in a 1% solution of buffered osmium tetroxide 
for periods lasting from 20 minutes to several hours. 
After fixation the specimen is passed through several 
stages of dehydration using a graded ethyl-alcohol 
series, and then embedded in the plastic medium. 
One method facilitating continuous dehydration 
has been described by Bernard*!. The apparatus 
is shown in Fig. 7. This arrangement enables 
gradual changes in alcohol concentrations to 
pass through the tissue and can be varied from 
0-100°%%. Complete dehydration is claimed after one 
hour. A critical study of the penetration of osmium 
tetroxide into tissue has been made by Bahr??. 
The need for further investigation to develop and 
improve fixation and staining techniques is borne 
out by the recent work of Gibbons and Bradfield?* 
who have demonstrated the effects of alternative 
fixatives applied to cell nuclei. Chromosome struc- 
tures not visible with osmium tetroxide fixations 
have been revealed using formalin fixation. 
Phosphotungstic acid has been used for staining 
contractile systems such as muscle** *°, Specimens 
of frog muscle and rabbit muscle were fixed for six 
hours in buffered osmium tetroxide and then trans- 
ferred to 1% phosphotungstic acid in phthalate 
buffer at pH 5.4 for a period of 24 hours. An increase 
in contrast is claimed in the thin transverse sections 
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Sectioning II. The Embedding Medium 


Fig. 6. Thin section through part of a colony 
of streptomyces coelicolor embedded in an epoxy 
resin (Araldite). A row of spores is forming within 
a filament. Magnification 35,000. (From un- 
published work by Glauert and Hopwood) 


of the bands present in the myofibrils. 

High resolution studies on the erythrocyte plasma 
membrane have been carried out by Hillier and 
Hoffman” with interesting results using phospho- 
tungstic acid. These workers, however, observed 
certain recognisable artefacts, including changes in 
the dimensions of the thickness of the plasma mem- 
branes after PTA treatment. 


Freeze Drying Techniques 
The electron microscope suffers from the dis- 
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Dehydration for Staining 


Fig. 7. Continuous dehydration apparatus. 
See page 113. (Bernard) 


advantage that biological material must be dehy- 
drated prior to insertion in the instrument. Much of 
the material is strongly hydrated and considerable 
care is necessary to ensure that, during air-drying, 
shrinkage effects and possible distortion are reduced 
to a minimum. It is of even greater importance 
since the recent improvements in instrumental 
resolution are now available to the biologist. 

An obvious method of preparing biological 
material for electron microscopy is to subject the 
specimen to a low temperature, resulting in instan- 
taneous freezing. Simple experiments have been 
described with limited results employing small and 
inexpensive pieces of apparatus’. A block of suffi- 
cient thermal capacity is held at a low temperature 
at atmospheric pressure. Specimen grids with 
substrates are mounted on the surface of the block 
and specimen droplets deposited on the substrate. 
These small droplets are frozen instantly and the 


block, complete with specimens, is transferred to a 
suitable pumping system. The pumping unit is 
usually in the form of a shadow-casting apparatus, 
thus enabling the specimens to be shadowed after 
the initial moisture has been pumped off. 

Improvements in the freeze drying technique have 
been made and more critical studies are described by 
Anderson*® 30 and Williams*!. In the critical 
point method of Anderson the specimen is dehy- 
drated in the liquid phase and the liquid (carbon 
dioxide) is then removed at a temperature above its 
critical point. The specimen is fixed in osmium 
tetroxide and passed through a series of chemical 
treatments, the first being alcohol then amyl-acetate 
and, finally, liquid carbon dioxide under pressure at 
25°C. The temperature is raised above the critical 
point of carbon dioxide (31°C.) and the carbon 
dioxide allowed to escape. Pictures of ghosts from 
human red-blood cells, which are known to have 
extremely delicate structures, show that they have 
remained intact. Normally, the time necessary to 
complete the preparation is of the order of one 
hour, which is comparable with most freeze drying 
methods. The chief disadvantage lies in the fact 
that the specimen is always subjected to chemical 
treatment, which has hazards for some biological 
materials. 

For the study of small particles, with particular 
reference to viruses, Williams*! has described a 
successful freeze drying apparatus which en- 
ables the method to be combined with the spray 
droplet technique for electron microscopy, see 
Fig. 8, devised by Backus and Williams®*. A 
copper support is placed at the bottom of a glass 
sublimation tube surrounded by a cooling liquid, 
either liquid nitrogen or a carbon dioxide-alcohol 
mixture. Specimen grids covered with a suitable 
substrate are placed on the copper support surface. 
A cold trap follows the sublimation tube and con- 
nects the complete unit to a vacuum pumping 
system. A spray tube is inserted at the open end of 
the sublimation tube and aligned with the copper 
support. Once the support has reached equilibrium 
temperature the small droplets of material are 
sprayed down the tube onto the copper support 
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containing the grids. After removing the spray 
tube, the sublimation tube is sealed and the entire 
unit pumped to a pressure of less than 10-* mm. Hg. 
At the end of the sublimation time the sublima- 
tion tube is immersed in a bath at 70°C. to raise the 
temperature of the copper block. Air is then allowed 
to enter the system slowly. Electron micrographs 
from this method show considerable preservation 
of small structure in biological material and the 
results are in good agreement with those produced 
by Anderson. 

With the development of the low temperature 

electron microscope stage by Leisegang and 
Schott** it is likely that freeze drying may be carried 
out inside the electron microscope. The stage 
described is capable of being cooled to temperatures 
below —80°C. 
Micro-Droplet Techniques. The counting of ex- 
tremely small particles, such as viruses, is becoming 
of importance when relating distribution to particle 
size, in chemical studies. It is essential that counts 
should be made from known areas; these areas must 
be small enough to be completely visible in the 
‘open’ spaces of the electron microscope specimen 
supporting grid. 

A spray droplet technique*” has been described 
enabling droplet patterns of only a few microns in 
diameter to be made available from suspensions con- 
taining virus particles or similar material. Successful 
preparations can be made employing sm.ll glass 
atomisers of suitable jet construction. High-pressure 
spray guns*4 have also been described for special 
applications. 

An ingenious droplet technique** employing a 
combination of micro-minipulation and micro- 
pipettes makes use of micro-pipettes of only a few 
microns in diameter capable of depositing droplets 
in the range of 10-*-10-!® cm.° directly onto the 
electron microscope supporting films. Manipula- 
tion is carried out in a specially constructed wet 
chamber allowing combined manipulations on one 
grid. The method claims to reduce errors arising 
from final drying effects such as aggregation changes 
caused by the variation in the concentration of the 
surrounding liquid. 
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Freeze Drying as a Preparation Technique 

7 
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Fig. 8. Freeze drying apparatus for spray 
droplet technique. Legend: A—Spraying tube, 
B—Spray gun, C—Sealing-off insert to replace 
spraying tube, D—To vacuum pumps, E—Liquid 
air chamber, F—Specimen grids G—Sublimation 
chamber. (Williams) 


Replica Techniques 

For the study of surface structure in biological 
objects the application of the carbon replica has 
met with considerable success. The replica has the 
advantage of being relatively thin compared with 
the intact preparation. In direct observation of 
viruses only 150-200A in diameter, the thickness 
of the substrate will often equal the size of the virus 
This total thickness places a limit on the structure 
capable of being resolved from the specimen, in 
transmission. 

The excellent results produced by Wyckoff and 
Labaw** using pre-shadowed carbon replicas 
have indicated the value of the technique. These 
workers applied the method to the study of surface 
detail in large protein crystals. Very fine detail has 
been resolved together with some positive indica- 
tions of the defects arising in preparation of the 
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Replication: Single-Stage Carbon Replicas 


by Courtesy of Nature. 


Fig. 9. Single-stage carbon replica of tobacco 
mosaic virus rods. Magnification 260,000. 
(Matthews, Horne & Green) 


Fig. 10. Single-stage carbon replica of turnip 
yellow mosaic virus. Magnification ™ 160,000. 
(Slightly reduced). (Markham and Horne) 


by Courtesy of ¥. Appl. Phys. 


crystalline material. It is known from x-ray diffrac- 
tion experiments that certain viruses contain definite 
structural arrangements which lie within the resolv- 
ing power of recent production electron micro- 
scopes. If such regular periodicities or arrange- 
ments extend to the surface of the virus, it is 
possible that the carbon replica technique will 
permit the structures predicted by the x-ray 
workers to be made visible. A simple method of 
preparing the replicas for high resolution studies of 
rod viruses consists in evaporating carbon directly 
onto the virus preparation, see Figs. 9 and 10. The 
solution is dried down carefully onto clean glass 
surfaces. Carbon is evaporated onto the slide and 
the replica floated off onto a water surface. To 
ensure that the virus is completely removed from 
the replica after stripping, the replicas are placed 
in 2N KOH at 60°C. for 20 minutes. Finally, the 
replicas are washed and mounted on the electron 
microscope grids**, 

The results obtained at high magnifications are 
encouraging but further work is necessary to in- 
vestigate possible artefacts caused during the 
evaporation of carbon. 

Large biological structures are capable of being 
replicated without undue distortion of the carbon 
replicas‘. 


Shadow Casting Techniques 


To enhance contrast and to estimate the approxi- 
mate height of the object, metal is evaporated onto 
the preparation in high vacuum at a suitable angle. 
The method first described by Muller®® and later 
developed by Williams and Wyckoff is widely used 
in electron microscopy. At the high magnifications 
available with present-day microscopes, shadow 
casting presents special problems. The high resolv- 
ing power enables the slightest defects in the evapo- 
rate to be detected. It has become increasingly 
evident that considerable work is necessary to evalu- 
ate the use of shadow casting for very high resolution 
work. In this laboratory a special evaporator unit 
has been constructed to meet the requirements for 
investigating these problems“. 

The essential features of such a unit consist of 
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Fig. 12 (Left). The front face plate of the above 
plant is removed. An ajustable aperture system plate removed to show filament and lower viewing 
is located at the lower end of the plate together window. (Horne and Pearson) 
with the ‘exposure’ flap. The specimen holders 
can be moved into position by the arrangement 
at the top of the face plate. Also the angle can be 
changed. (Horne and Pearson) 


a 


Shadow-Casting I. Plant 


Fig. 13 (Right). As Fig. 12 but with aperture 


Fig. 11 (Above). General 
1955 ( ). arrangement of shadow-casting unit. (Horne and Pearson) es: 
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an evaporation chamber with removable face plates 
to allow easy access to the interior as shown in 
Figs. 11, 12 and 13. Filament supports must be 
designed to take a range of heating elements and 
be capable of carrying high current values. Above 
the evaporation (point) source, an aperture system 
of varying diameters is provided to restrict the spread 
of the evaporated metal by reflection from the walls 


Shadow- Casting II. Specimen 


Fig. 14. (slightly reduced). Intact tobacco 
mosaic virus rods mounted on carbon substrate 
shadowed with uranium. Note the sharpness of 
the shadows produced. x 200,000. (Negative print) 


of the chamber. Large numbers of specimens can be 
accommodated in the unit with provision for screen- 


ing, angle changes and rotation during evaporation. 

In view of possible deposits of oil layers, a mercury 
diffusion pump system with efficient cold trapping 
is used. Facilities for the introduction of cold 
‘fingers’ for reducing specimen temperatures over a 
wide range are incorporated. For ease of operation 
and cleaning, all fittings and mechanical parts are 
mounted on one face plate. This can be removed . 
from the unit and all necessary adjustments made 
away from the evaporator unit. 

Initial results with uranium shadowing suggest 
that an improvement is obtained with regard to the 
background structure, which hitherto obscured much 
of the fine structure under investigation. Some 
indication of the sharpness of the shadows can be 
seen in Fig. 14. 


SPECIMEN PREPARATION FOR 
BIOCHEMICAL STUDIES 


The recent increase in the literature published on 
biochemical studies using the electron microscope 
is an indication of the growing possibilities of em- 
ploying the instrument in this particular field of 
research. It is impossible to describe the special 
applications here, but from the high-resolution point 
of view two important approaches are being made. 

In order to conduct chemical studies on particular 
components in biological tissues, it is necessary to 
isolate these constituents. This is achieved by 
breaking the cells up in some form of homogeniser 
and fractionating the material in the centrifuge. 
This is standard practice in biochemistry for isolat- 
ing components such as nuclei, mitochondria and 
microsomes. These fractions are often checked by 
light-optical methods only, in order to obtain the 
required concentration and degree of purity. 
Birbeck et al.4* and Sjéstrand** have indicated that 
these standard methods of preparation are far from 
perfect. Fractions prepared in this way, when 
embedded and sectioned, show that nuclei are often 
contaminated with cytoplasmic material. Distor- 
tion and loss of contents from these components 
have been observed when the preparations are 


= 


examined in the electron microscope. The identi- 
fication of many of these small components in the 
electron microscope remains a difficult problem 
due to the very thin sections required for high- 
resolution work. 

In recent years considerable attention has been 
paid to the biochemical study of viruses, bacterial 
components, yeast, algae and other cells. It is with 
such small and complex cells that the high-resolu- 
tion electron microscope has many applications in 
the field of biochemistry. Morphological changes 
may be observed after intact cells have been treated 
with suitable enzymes. A typical example of this 
work is the study of surface components of the 
bacterial cell**4’, Cell walls of bacteria are removed 
by mechanical shaking, heat treatment or by sub- 
jecting the bacterial suspensions to disintegration 
by high-frequency oscillations. After centrifuga- 
tion it is possible to obtain suspensions of cell walls 
free of cytoplasmic material. By treating the sus- 
pensions with lysozyme it is possible to study the 
structure of these cellular components. Fig. 15 
shows cell walls from an algae preparation after 
slow chemical digestion. 


Specimen Preparation of Viruses 


Considerable attention has been given to the 
study of virus structures with the electron micro- 
scope. Certain replica methods have been briefly 
mentioned, and with careful study may reveal 
much of the surface structure of some viruses. 
Studies have been made using ultra-thin sectioning 
techniques. Both animal and insect viruses investi- 
gated with the electron microscope reveal fine 
morphological features requiring very high resolu- 
tion. Recent work on animal viruses, using enzymic 
digestion to observe structural details inside the 
virus membrane, has been described by Peters**. 
Enzymes including pepsin and papain have been 
used in a series of experiments, where careful 
studies have been made by changing pH values. 
Very thin sections of centrifuged virus prepara- 
tions revealed the presence of an outer region form- 
ing the peripheral protein area. The inner region 
appears to contain desoxyribonucleic acid and is 
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Application in Biochemistry 
I. Cellular Components of Algae 


Fig. 15 (slightly reduced). Part of the cell wall 
of algae showing filamentous structure after enzymic 
digestion. 60,000. (Northcote and Horne) 


II. A Crystallisable Insect Virus 


Fig. 16 (slightly reduced). A section through a 
methacrylate-embedded pellet of purified virus 
from the larva of the fly tzpula paludosa (the daddy- 
long-legs). This micrograph shows the patterns 
resulting from a transection through small crystalline 
regions oriented at random. x9,c00o. (Williams 
and Smith) 
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hydrolysed by pepsin and by papain at acid 
reaction. 

The very fine structure present in insect viruses 
observed in the electron microscope indicates the 
need for very high resolution. Insect viruses having 
macromolecular lattice arrangements have been 
described by Morgan et al.4® Studies by Smith*® 
51, 52 indicate the complex structures revealed by 


ultra-thin sections of polyhedral viruses, see 
Fig. 16. One interesting observation recently 
showed the existence of some virus particles having 
only outer membranes with no internal structure. 
Unsectioned virus preparations treated with dif- 
ferent concentrations of sodium carbonate appear 
to have outer membranes and dissolution of the 
contents has been observed. 


PART II 


INTRODUCTION 


THE FIRST PART of this article was concerned with a 
brief description of the trends in biological specimen 
preparation techniques for the electron microscope. 
Parallel advances have been made in other fields of 
investigation to meet the demands of the modern 
high-resolution electron microscope. 

Many of the methods used to prepare specimens 


for one particular application lend themselves to 
other applications. Earlier studies with the elec- 
tron microscope were often limited to observa- 
tions concerned with measurements of the size and 
outline of the specimen. The information recorded 
was produced from instruments with relatively 


limited resolving power. Defects in specimen 
preparation often went unobserved and possible 
artefacts did not receive careful attention. The 
problems discussed below are representative of 
conditions where several preparation methods have 
to be applied to facilitate study of the problem. This 
becomes necessary in order to ensure that the 
structures resolved are not due to artefacts in pre- 
paration or to electron-optical effects. Possible 
artefacts must always be borne in mind during 
investigations and never completely dismissed from 
the interpretation of the image. 

For detailed descriptions of many of the basic 
techniques used in electron microscopy reference 
should be made to the publications by Drummond, 
Cosslett®4, Wyckoff®*> and 


SPECIMEN PREPARATION OF 
INORGANIC MATERIALS 


Crystals and Crystalline Structure 


Recent work on thin crystals using the electron 
microscope has revealed that lattice structures are 
capable of being resolved, including imperfections 
in them®’. Preparations of copper and platinum 
phthalocyanine crystals have been photographed at 
high instrumental magnifications and details of edge 
dislocations have been clearly observed. The work 
has indicated that the electron microscope may be 
used to explore crystal structures by direct observa- 
tion, if they contain planes heavily loaded with metal 
atoms and of a spacing greater than about 6A. 

Metal structures have been studied by transmis- 
sion, in particular preparations of electrolytically 
thinned aluminium’. Details of substructures have 
been described, but no indication of the existence of 
single dislocations had been suggested in these 
studies. Further work by transmission using thin 
foils of aluminium, stainless steel and other metals 
has resolved the movement of single dislocations®®. 
In the latter experiments extremely thin metal foils 
were used. High-purity aluminium foils were 
beaten to a thickness of 0.5 micron and then 
annealed in vacuo at 350°C, Etching was carried out 
by placing the foils supported by a platinum gauze 
on the surface of a solution of 1.2°% hydrofluoric 
acid. After a suitable etching period the foils 
are removed, and washed by repeating the pro- 
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A ‘Still’ of Changes under Illumination 


Fig. 17 (slightly reduced). Transmission 
electron micrograph of thin foil of stainless steel 
showing extended dislocations in motion. Magni- 
fication 120,000. (Hirsch, Horne and Whelan) 


Cine Camera Attachment for Continuous Recording 


Fig. 23. Arrangement for taking moving 
pictures from the screen of the Siemens electron 
microscope. See page 126. (Cavendish Laboratory, 
Cambridge) 


cess on glass-distilled water surfaces. The washed 
foils are then picked up on electron microscope 
supporting grids and examined directly in the 
electron microscope. 

By the use of two condenser lenses it is possible to 
illuminate areas on the object down to a few 
microns in diameter. Under these electron-optical 
conditions individual dislocations can be seen to 
move. The contrast mechanism is not yet fully 
understood, but the differences in contrast between 
subgrains is due to the changes in the intensities 
of Bragg reflections caused by small changes in 


orientation. It is possible that similar orientation 
changes occur in the dislocation regions resulting 
in contrast changes making the individual disloca- 
cations visible. 

Fig. 17 shows bowed-out and extended disloca- 
tions in stainless steel. Foils similar to stainless 
steel require special etching techniques and further 
work is in progress to improve the preparation for 
higher resolution work, as beating-out can only be 
applied to a limited number of foils. To record 
the movement of dislocations as observed in the 
electron microscope, existing single-exposure 
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methods are of little value. The methods used 
employ a cine-camera technique and are discussed 
later. 

In order to examine the movement of the disloca- 
tions with respect to the orientation of the subgrain 
structures it is necessary to obtain selected area 
diffraction patterns from very small areas. Recent 


Replication: Control of Replica Thickness 
(Plastic Films) 


C 


by Courtesy of Brit. #. Appl. Phys. 

Fig. 18. Apparatus for producing a uniform 

thin plastic film. Legend: A—Glass funnel, B— 

Cover plate, C—Specimen holder, D—Specimen 
E—Capillary tube. (Revell and Agar) 


improvements in electron-optical design not only 
provide facilities for this technique, but have the 
added advantage of enabling dark field experiments 
to be carried out. This is of considerable importance 
when investigating contrast mechanism in the 
microscope. 


Metal Surfaces 

Apart from the special case of thin foils it is 
not possible to study objects such as metals by 
transmission electron microscopy. A great deal of 


information has been obtained by reflection electron 
microscopy in the study of solid surfaces, but the 
resolving power of this type of microscope is 
limited to about 250A at present. 

Replication. Space does not allow a detailed descrip- 
tion of the large number of methods used for 
replicating metal surfaces and reference should be 
made to the publications already referred to. Plastic 
films such as Formvar and Collodion have been 
widely used for replicas in earlier work. For the 
study of extremely small structures requiring extra 
resolution the replica must satisfy several require- 
ments, including high stability in the electron beam 
and uniform thickness. 

A method of producing thin films of regular thick- 
ness has been described by Revell and Agar®’. The 
arrangement of the apparatus is shown in Fig. 18. 
The specimen is immersed in the required solution, 
the strength of which can be varied over a wide 
range of concentrations. Film thickness will depend 
on the rate of fall of the meniscus, the liquid con- 
centration and viscosity. The rate of fall can be 
carefully regulated by the tap and the diameter of the 
draining-tube bore. 

Experience with plastic films in this laboratory has 
established that object-drifting at high magnification 
is difficult to overcome. In addition to drifting of 
the entire film, distortion in local areas irradiated 
in the beam has frequently been observed. The 
stability can be improved by evaporating a thin 
layer of metal or carbon over the surface, but this 
has the disadvantage of increasing the total object 
thickness. 

Two-stage carbon replicas have been developed 
in order to overcome some of the problems asso- 
ciated with plastic films®*'. The first stage in the 
process is to replicate the metal surface with a 
Formvar or other plastic film, and then carry out the 
second stage by evaporating carbon onto the plastic 
surface. After removing the plastic film with a suit- 
able solvent the carbon is then examined in the 
electron microscope. Fig. 19 illustrates the various 
steps necessary for producing two-stage carbon 
replicas. 

The resolution obtainable with the above replica 
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Various Carbon Replica Techniques Employed with Metal Specimens 
I. Two-Stage Replicas 


CARBON EVAPORATED 


LHS LW onto ptastic reptica 


LEAVING THIN CARBON 
REPLICA 


Fig. 19 (Above). Processing steps of a two-stage carbon replica. (Bradley) 


Il. Extraction Replicas 


by Courtesy of Brit. #. Appl. Phys. 
Fig. 20(a). Electron micrograph of extraction Fig. 20(b). Diffraction pattern selected from 
carbon replica from 2.25% chromium, 1% moly- same area. 
bdenum steel. (Smith and Nutting) x 15,000. 
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method will be limited by the sizes of structures that 
can be faithfully replicated with the Formvar film 
owing to its self-structure. Improvements of the 
technique in the form of direct carbon replicas and 
extraction replicas have been described recently. 
The metal specimen is coated with a ‘cleaning’ 
replica after preparation of the surface to be studied. 
Having removed the ‘cleaning’ replica, carbon is 
evaporated directly onto the area. Small squares 
are scored once the carbon has been deposited and 
the specimen is placed in the electrolyte solution 
used for the metal under examination. The scored 
areas of carbon float to the surface of the solution 
and are removed for washing. 

A further application of the single-stage carbon 

replica method enables extraction replicas to be 
made. Carbon is deposited on the metal surface 
and then loosened by etching and electro-polishing, 
which releases the carbon together with particles of 
secondary phases. Examination by selected area 
diffraction techniques enabled the particles to be 
identified, in the cases of carbon and alloy steels. 
Fig. 20 shows an extraction replica and the corres- 
ponding selected-area diffraction pattern. It is 
suggested that this replica technique could be 
extended to the examination of slip lines in steels. 
Extraction replicas using Formvar and Collodion 
have been proposed by Fisher®* with limited resolu- 
tion. The removal of the plastic replica from the 
specimen surface is similar to the methods described 
earlier®, 
Ionic Etching of Foil. An interesting development 
for reducing the thickness of metal foils employs an 
ion source®*, An ion gun operating at 3,000 V. and 
approximately 50/A is used to bombard the metal 
surface. Sufficient thinning takes place to enable 
the foils to be examined by transmission in the 
electron microscope. High-resolution electron 
micrographs of a 4°%% aluminium-copper alloy have 
shown fine structures to exist, and extinction con- 
tours are visible. 

A similar ion bombardment technique® has been 
described for the reduction of contamination of 
specimens in the reflection microscope. The device 
is mounted on the microscope column and can be 


used during operation of the instrument. 
Cutting Thin Metal Sections. The methods used for 
cutting ultra-thin sections of biological specimens 
have been discussed in the first part of this article. 
Attention has recently been turned to the possibility 
of cutting metal sections, and adapting microtomes 
for metallurgy and other solid state applications. 
During early attempts to cut thin sections® of 
hard materials a high-speed microtome was con- 
structed which cuts sections 0.1 to 0.8 microns in 
thickness. For high-resolution work in transmission 
thinner sections are necessary. Diamond knives are 
now available and results*’ have already been 
described of their use for cutting very hard materials. 
The diamond cutting edges are approximately 
3.5 mm. in length and when combined with new 
microtomes such as the type developed by Haan- 
stra®* may facilitate new methods for the study of 
very fine structures in metals. 
Reflection Technique in Place of Replication. Metals, 
other than in the form of thin foils, cannot be ex- 
amined by transmission in the electron microscope. 
However, it is possible to obtain images from solid 
surfaces by reflection methods. The electron gun 
and condenser lens assembly is arranged to be tilted 
or inclined at an angle to the microscope axis, 
causing the beam to strike the specimen surface at a 
glancing angle, see Fig. 21. Ruska and Miiller*® 
in their early investigations suggested that the glanc- 
ing angle and specimen tilt relative to the objective 
lens axis, should be small. Following these early 
experiments a number of workers have built reflec- 
tion microscopes or modified existing production 
Meanwhile some experiments 
have been carried out with the illuminating system 
tilted over a wide angle’®. Arrangements for the 
temperature of the specimen to be raised have also 
been included in several reflection microscopes”®. 
Foreshortening of the final image in one direction 
and limited resolution are the main disadvantages of 
present reflection techniques. Non-conducting 
materials, such as fibres and rare stones’’, have to 
be coated with a conducting metal layer prior to 
examination. It is clear from the work already 
published, that reflection microscopy is very useful 
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for studying surfaces which prove too rough or to dry the liquid suspension down onto mica or 
unsuitable for replica methods. glass surfaces and then evaporate carbon onto the 


Scanning electron microscopes are also being used surface. This is then stripped on a water surface 
in the study of solid surfaces where very high resolu- and the carbon released, pulling away particles 
tion is not considered to be of importance”® 7°. with it. 


SPECIMEN PREPARATION FOR 


INORGANIC CHEMICAL STUDIES The Reflection Method 
With the resolving power now available many of 

the results observed in one particular field of re- 

search tend to overlap with problems in another. e 

Work on single crystals of paraffin®® n-nonatria- Pr 


contane has shown that crystal growth usually 
proceeds through the mechanism of screw disloca- 
tion, in agreement with theoretical solid state 
predictions*!, 

Crystals of n-nonatriacontane and stearic acid 
were prepared and replicated. Silicon monoxide was 
used as the replicating material, and after shadowing 
the replicas were examined in the electron micro- 
scope. Spiral growth steps were clearly resolved 
showing step heights between 45 and 47A. Fig. 22 
shows a typical crystal prepared by this technique. 

The examination of very small chemical crystals, 
in particular colloidal suspensions, is now possible. 
Colloid preparations have received considerable 
attention in the past under the electron micro- 
scope. Limited resolution and poor resolving power 
hindered studies of some of the fine details pre- 
seat"? 

Recent work on silver-iodide has indicated that 
there may be no strict boundary between particles 


approaching atomic dimensions and colloidal par- Fig. 21. Principle for 
electron microscopy. The electron gun and con- 
ticles ; Extremely small particles of silver and denser lens assembly is inclined to the microscope 
silver-iodide appear to have definite crystal arrange- axis, causing the beam to strike the specimen 


surface at a glancing angle. 


ments and shapes. The preparation of this type of 
material for very high-resolution work has presented 
a number of problems. In view of the fact that 


some of the particles may have a diameter less than Meticulous care is necessary in the cleaning of 
8-10A it is essential that very thin supporting films all glassware and chemicals. Every extra stage which 
should be used. Carbon substrates are suitable, but exposes the final preparation to a liquid increases 
surface-charge effects between the carbon and speci- the possibility of adding another monolayer of 


men are often difficult to overcome. It is possible ‘contamination’. Detergent crystals have also been 
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Shadowed Silicon Monoxide Replica 


by Courtesy of Proc. Roy. Soc. 

Fig. 22. Single crystal of n-hectane. Note 

single dislocation centre. Magnification x 28,000. 
(Dawson) 


examined using the various techniques described 
above. 

In certain chemical problems dehydration sets 
severe limitations on the information that can be 
gained with the electron microscope. An attempt to 
overcome this difficulty has been described by 
Corbet and Wolffes**. These workers have devised 
a method of freeze drying sheets of sodium- 
montmorillonite. A drop of the suspension is 
placed directly onto a filmed supporting grid and 
rapidly frozen. The moisture content is pumped 
away in vacuo, enabling the structure to be preserved 
intact. 


SPECIMEN PREPARATION OF 
FIBROUS MATERIAL 


Textile Fibres. The study of the morphological fea- 
tures and structures in fibres is of considerable im- 
portance to the textile industries. Electron micro- 
scopy has shown that useful information can be 
gained both by replica techniques and by the cutting 
of ultra-thin sections. 


For the study of the surface structure of fibres 

replica techniques have been widely used*’®°, 
Replicas have been made by covering or embedding 
the fibres with a suitable replicating material, and 
then digesting the fibre away with a solvent. There 
are limitations to this method, if fine surface struc- 
tures are to be resolved. A technique employing 
silicon monoxide has been described by Ramana- 
than, Sikorski and Woods”. The cleaned fibres 
are partly embedded in celluloid leaving a small 
surface area protruding through the embedding 
material. Silicon monoxide is evaporated in vacuo 
onto the exposed fibre surface, this being backed by 
a plastic strengthening film. The specimen is then 
placed on an electron microscope grid and exposed 
to a solvent to remove the embedding material and 
backing film. The resolution claimed for this tech- 
nique is far better than that obtained with plastic 
films. Ultra-thin sectioning has been attempted on 
certain fibres®*! revealing some interesting features, 
but the problem of satisfactorily embedding hard 
materials has yet to be solved. Distortion frequently 
occurs and sectioned specimens often pull out of 
the embedding plastic during cutting. However, 
examination by reflection microscopy has produced 
interesting results*? employing the methods des- 
cribed. 
Paper Fibres. Paper-making fibres have also been 
investigated with the electron microscope. Again 
replicas have proved to be of considerable value in 
this field of research®*. A method of using thin sec- 
tioning techniques to study chemical and physical 
effects on cellulose fibres has been described by 
Kassenbeck. Also cotton fibres and flax fibres have 
been examined by ultra-thin sections. 

Emerton, Page and Watts® have produced thick 
metal replicas from pulp fibres and paper, for 
examination in the reflection electron microscope. 


RECORDING OF SPECIMEN CHANGES 
DURING EXAMINATION 


Under the existing electron optical arrangements 
for the attainment of high resolution, certain 


\ 
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metallurgical and chemical specimens show definite 
structural changes. These changes are often very 
rapid and cannot be recorded on single plates. By 
tilting the final screen to a suitable angle, it is 
possible to mount a cine-camera outside the electron 
microscope so as to film the image at various frame 
speeds. Fig. 23 shows the 16 mm. camera arrange- 
ment at present in use in this laboratory. A special 
lens of 0.95 aperture with a suitable working distance 
has been fitted to an existing cine-camera. The 
fluorescent screen has a high intensity coating of 
reasonable grain size. Final image magnifications 
on the screen of x 40,000 to 80,000 have been 
recorded successfully using this arrangement®® °°. 

To design a cine-mechanism inside the vacuum 
system would require considerable modification to 
the existing plate camera chamber. 


CONCLUSIONS 


It is evident from the many specimen problems 
now being encountered that instrumental develop- 
ment is far in advance of specimen techniques. Sub- 
strates require considerable improvement in order 
to reduce instability when the films are extremely 
thin. Substrate structure presents a problem of its 
own as the only direct way to observe this is to 
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VACUUM TECHNIQUE IN ATOMIC ENERGY RESEARCH 


A. H. Turnbull, B.Sc. 


Summary 


THE PURPOSE for which vacuum equipment and techniques 
are used at the Atomic Energy Research Establishment, 
Harwell, are described. Reference is made to metallurgical 
applications, measurement of the gas content of metals, 
the production of thin films, vacuum technique in mass 
spectrometry, and high power r. f. valve manufacture. The 
vacuum systems of the proton linear accelerator and the 
Mark II heavy element electromagnetic separator are 
described and an account is given of some of the research 
work, past and present, of the Vacuum Group. 


Vacuum, Vol. V 


Atomic Energy Research Establishment, 
Harwell, Berks. * 


Sommaire 


DESCRIPTION DES RAISONS pour lesquelles les appareils et 
techniques du vide sont employés au Centre de Recherches 
Atomiques d’Harwell. Mention est faite des applications 
métallurgiques, de la mesure de quantités de gaz dans les 
métaux, de la production de couches minces, de la technique 
du vide en masse spectrométrie, et de la fabrication de 
lampe radio 4 haute puissance. On décrit les systémes a 
vide de l’accélérateur linéaire de protons, et du Mark II 
séparateur électromagnétique d’éléments lourds; une revue 
de quelques recherches présentes et passées du Groupe du 
Vide, est faite. 


INTRODUCTION 


VACUUM EQUIPMENT and techniques are used in 
practically all branches of scientific work at the 
Atomic Energy Research Establishment at Harwell, 
although they find little direct application in the 
construction and operation of nuclear reactors. 
There are of course indirect applications such as in 
the field of reactor metallurgy which is largely 
concerned with materials for the construction and 
fuelling of reactors. 

It is the writer’s hope that the discussions which 
he has had with colleagues within the Establishment 
may have brought to light certain pieces of informa- 
tion and tricks of the trade which, while common- 
place to those who have grown up with the develop- 
ment of vacuum technique at Harwell, may be novel 
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and interesting to others. Within the space available 
it has not been possible to describe all the applica- 
tions of vacuum technique at A.E.R.E. Rather has 
it been the writer’s aim to describe applications 
which are as varied as possible so that this review 
might at least be of interest to some of the readers 
some of the time. A knowledge of the fundamentals 
of some of the machines of modern physics (e.g. the 
mass spectrometer, the linear accelerator and the 
electromagnetic separator) is taken for granted. 


METALLURGICAL APPLICATIONS 


In the field of nuclear power the metallurgist is 
primarily concerned with the fissile and fertile 
fuels uranium, plutonium and thorium, the canning 
and structural materials such as zirconium, beryl- 
lium, niobium, vanadium, molybdenum, aluminium 
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and magnesium, and the coolant metals sodium, 
sodium-potassium alloys, bismuth and mercury. 
The oxides, carbides and nitrides of uranium, 
thorium, beryllium, niobium and vanadium are all 
extremely stable and these metals also form hydrides. 
Thus they cannot be heated in air or in any of the 
usual protective atmospheres such as carbon mon- 
oxide, carbon dioxide, hydrogen or hydrocarbon gas. 
In these circumstances, heating can only be carried 
out in a rare gas or ina vacuum. The rare gas would 
have to be extremely pure to avoid the formation 
of undesirable compounds (especially if used in 
connection with a powdered metal, where the 
surface area is large) and so in general it is easier 
to heat in vacuum. 


Zirconium Production 


Zirconium can be prepared by vacuum sublima- 
tion of zirconium fluoride ZrF,, thus removing 
oxides and impurities such as iron, nickel and copper. 
The fluoride is placed in a stainless-steel tube lined 
with nickel which is heated to 700°C. The zir- 
conium sublimates and is condensed on an air- 
cooled surface at 300°C. As a precaution, a settling 
chamber or catch-pot is incorporated in the system 
between the sublimation vessel and the pumps. The 
purpose of this chamber is to trap any solids which 
may come over during pumping, although this rarely 
happens if the system is evacuated slowly prior to 
heating and if the heat is applied slowly enough to 
keep the pressure in the sublimation vessel below 
0.1 mm. Hg. The oil diffusion pump is protected 
by a liquid nitrogen-cooled trap which condenses 
any hydrogen fluoride produced in the system. 
Once the zirconium fluoride has been degassed, the 
pressure in the system falls to one or two micron Hg 
and the sublimation then proceeds. 


Powder Metallurgy 


Thorium bars are produced from the metal 
powder by cold compacting and vacuum sintering. 
In one method of manufacture, the powder is con- 
tained in a thin-walled rubber tube closed at each 
end by a rubber plug. After placing this tube in a 
mild-steel pressure vessel filled with water contain- 


ing a small percentage of soluble oil, a plunger is 
inserted and pressure is applied to the fluid, and 
hence to the powder, for ten seconds. To ensure 
straightness of bar the rubber tubing is supported 
during the pressing process in a perforated thin- 
walled aluminium tube. After removal from the 
rubber tube, the compacted bar is placed on a 
thoria-covered molybdenum sheet and inserted into 
a Mullite tube which in turn is placed in a horizontal 
tube furnace. The furnace tube is connected to a 
2-inch oil diffusion pump backed by a rotary oil 
pump and is initially evacuated to 10-* mm. Hg at 
room temperature. On switching on the furnace 
there is an increase of pressure with temperature, 
due to removal of moisture from the compact at 
temperatures up to 200°C. followed by decomposi- 
tion of thorium hydrides between 350°C. and 
1,100°C. The temperature is raised to 1,350°C. 
over a period of five hours, during which time the 
pressure rises to about 2 mm. Hg and ultimately 
falls to 0.02 mm. Hg. The final temperature is 
maintained for two hours to complete sintering. 

Beryllium bar is also manufactured by powder 
metallurgy methods but vacuum sintering can often 
be avoided here. The preceding description of the 
sintering of thorium bar shows that it is a time- 
consuming and hence an expensive process. Where 
possible, beryllium compacts are subjected to a 
sheath-working technique. The compact is sheathed 
in a thin mild steel container and is subjected to the 
forming process in this condition. The container is 
subsequently removed by a suitable pickling bath. 

While on the subject of beryllium, the technique 
for melting this metal is probably worthy of mention. 
Since the molten metal has a high vapour pressure, 
melting under vacuum results in deposition of 
beryllium over the inside of the apparatus. To 
prevent this, the metal is brought up to the melting 
point under vacuum and the system is then filled 
with argon for the actual melting operation. 

Powder metallurgy techniques are used in the 
production of niobium bar and tubes. The metal 
powder is compacted in a thoria crucible and is 
sintered in vacuum either by passing a heavy current 
through the compact or by heating it in a molyb- 
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denum tube. Niobium has the property of taking 
oxygen into solid solution and as a result it becomes 
extremely brittle. By vacuum sintering, the dis- 
solved oxygen is expelled and there is sufficient 
carbon present in the niobium to reduce surface 
oxide at the same time. 

Freeze drying of uranium, thorium or beryllium 
powders is carried out in a vessel evacuated only by 
a rotary pump with a refrigerated trap (running at 
about —60°C.) between the drying vessel and the 
pump. In order to supplement the somewhat in- 
adequate heating of the sample by conduction and 
radiation from the walls of the vessel, the metal 
powder lies in a tray which is in contact with a warm 
water duct. 


Alloys 

Alloys of bismuth with uranium, zirconium and 
cerium to be used in liquid metal-fuelled reactors 
are made by melting the components at a pressure 
of about 10-* mm. Hg, followed by chill casting at 
the same pressure. In order to pour the melt, the 
container (a beryllia crucible) is tilted from outside 


the vacuum chamber by means of an O-ring sealed 
shaft. 

The aluminium-uranium alloy used in the core 
of the ‘Dido’ reactor was vacuum-cast, since casting 
in air results in considerable loss of metal as residue 
in the crucible. 


Liquid Metals 

Liquid metals are distilled in vacuum chiefly for 
the purpose of removing corrosive non-metallic 
impurities such as hydrogen, oxygen and nitrogen. 
Furthermore, at reduced pressure, the metals distill 
far below their boiling points (see Table I) and soa 
quick and efficient separation from impurities is 


achieved. 
Table I 


Vacuum |Volatile 
Distillation | Impuri- 
Temperature| ties 


Non-Volatile 
Impurities 


300-400°C, H, | Na,O, alkali earths 
250-300°C, H, “39 


An apparatus for the vacuum distillation of 
sodium has been described by Horsley’ and is shown 
in Figs. 1 and 2. It is constructed almost entirely 
of 18/8/1 stainless steel and all surfaces which come 
into contact with liquid or gaseous sodium are shot- 
blasted and electro-polished. The design of the 
apparatus is such that it can be cleaned without 
undue hazard and will withstand an explosion. The 
metal is melted and outgassed in the vessel E (Fig. 1) 
at rotary pump pressure (about 10-? mm. Hg). 
While in liquid form, it is transferred through the 
iron wire-wool filter F and the special liquid metal 
steel valve G to the still. Here its temperature is 
raised to the distillation range and the vapour is 
condensed on an oil-cooled surface at 100°C. The 
pressure during the distillation process is between 
10-4 and 10-5 mm. Hg. 

After condensation, the liquid collects in the 
receiver P which is shut off from atmosphere by 
another liquid metal valve S. This valve has a 
stainless-steel body in which are cut fins for air- 
cooling. The inlet and exit pipes are also of stain- 
less steel. The valve is closed by rotation of the cap, 
which forces a conical nickel plug into a stainless 
steel seating. When sufficient metal has been dis- 
tilled, it is transferred to an evacuated glass storage 
apparatus which is connected to the air-cooled 
sodium valve. 

In the distillation of bismuth, the required final 
product is a solid deposit. The quality of this 
deposit depends on the temperature of the condens- 
ing surface. If this is too cold, a friable and easily 
oxidised solid deposit is obtained. 


Hardness Testing 


Since a reactor operates at a high temperature, 
information is required concerning the mechanical 
strength at elevated temperatures of the materials 
used in reactor construction and in the fabrication 
of fuel element cans. High temperature hardness 
tests are carried out in vacuum to prevent oxidation 
of the sample. The vacuum vessel consists of a 
horizontal copper cylinder which encloses a molyb- 
denum-wound tubular furnace in which the sample 
is situated. The latter can be moved axially along 
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Subsidiary Techniques: 


Distillation of Liquid Metals. 


Figs. 1 & 2. Apparatus for the vacuum distillation of sodium. (Horsely) 


Legend: 


Plate glass flange resting on O-ring vacuum seal. 
Outlet to vacuum pump and argon supply. 


Water cooling coil to prevent excessive rise in temperature of O-ring 
seal. 


Crude alkali metal. 


Stainless steel vessel 500 ml. capacity for melting, out-gassing and 
filtering the crude metal. 


Filter plug of iron wire wool. 
Stainless steel liquid metal valve. 


Water-cooled stainless steel junction plates. An O-ring provides 
a vacuum seal. 


Boiler—surface area 190-250 cm*. maximum volume 635 ml. 
ies to convey condensed metal from the roof to the collecting 


Ton MO 


— 


Still housing constructed from 8 inch. i.d., 8} inch. o.d. stainless 


steel pipe and ¥-inch and j-inch stainless steel plate. Top acts 
as air-cooled condenser. 


Thermocouple inlet. 


Nichrome wire coil electric fire element 2} kW output controlled 
by a Variac transformer. 


‘Fosalsil’ insulating brick. 

Oil-cooled condenser. 

Collecting tank for distillate (1,000 ml. capacity). 
Thermocouple sheath. 

Water-cooled junction plates. 

Liquid-metal valve. 

Water-cooled flanges containing O-ring seal. 

Outlet to high vacuum system. 

Inlet pipe from, and exit pipe to, high temperature oil pump 
Viewing port—plate glass resting on O-ring vacuum seal. 
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the furnace by means of a tube working through a 
Wilson seal in the wall of the vacuum chamber. This 
tube is closed at its inner end and carries a thermo- 
couple for measurement of sample temperature, 
which may be as high as 800°C. The system is 
evacuated by an untrapped 2-inch oil diffusion 
pump backed by a rotary pump of 50 1./m. displace- 
ment. 

The weight of the dead load is applied through a 
Wilson seal to a 136° diamond indenter. The load 
is applied then released, the sample is moved hori- 
zontally, the load is applied again and so on, thus 
obtaining several indentations along the length of 
the bar which enable a mean hardness to be calcu- 
lated. The indentations are measured after the 
sample has cooled and has been removed from the 
vacuum chamber. Since only comparative results 
are required, the contraction of the indentation on 
cooling is not important. Because of the high tem- 
perature in the system, all seals are water-cooled. 


Analysis of Gases in Metals 


A considerable amount of work has been done in 
the Chemistry Division at Harwell by Gregory 
and his associates ?~* on the determination of gases 
in metals (e.g. uranium, beryllium) on a microscale 
by the vacuum fusion method. In principle, their 
method consisted of melting the sample under 
vacuum in an induction-heated graphite crucible 
and collecting the evolved gas in a small volume on 
the backing side of a mercury diffusion pump which 
evacuated the chamber enclosing the furnace. 
Except on rare occasions the gas from uranium con- 
tained only carbon monoxide, hydrogen, nitrogen 
and sometimes up to a few percent of carbon 
dioxide. It was analysed by a fractional condensa- 
tion method combined with oxidation on a platinum 
filament incorporated in the sample volume. The 
steps in the analysis were as follows :— 


(1) Measure the initial gas pressure, a. 

(2) Surround a cold finger in the sample volume 
with a liquid nitrogen bath to condense 
carbon dioxide. (Water, if present, is also 
condensed but may be differentiated by a 


solid carbon dioxide/acetone bath.) 
Measure the reduced pressure, b. 

(3) With the liquid nitrogen bath still round the 
cold finger, add a measured excess of 
oxygen. 

Measure the total pressure, c. 

(4) Heat the platinum filament until it just 
glows visibly in the dark. H, and CO are 
oxidised in about 30 seconds and the pro- 
ducts condense on the cold finger. 

Measure the new pressure, d. 

(5) Replace the liquid nitrogen bath by a solid 
CO,/acetone bath which condenses the 
water alone. 

Measure the pressure, e. 


All pressures were measured on a McLeod gauge 
and were corrected for the pressure reduction caused 
by the cooling of the uncondensed gas by the cold 
traps. This correction was determined experi- 
mentally. The five pressure measurements enabled 
a complete analysis of the gas to be determined from 
the following expressions :— 


%CO, =100 (a—b)/a 
%CO =100 (e—d)/a 
%H, =100 + 4d—e)/a 
%N, =100 ($d + b—§ 


Test experiments on gases of known composition 
established the accuracy of the method of analysis. 
It was claimed that with an initial 10—25yl. (at 
S.T.P.) of gas, the volume could be measured with 
an accuracy of + 0.4 ul. so that the percentage error 
depended on the amount of each gas present. 

The apparatus and graphite crucible had to be 
thoroughly degassed before adding the metal sample. 
Furthermore, Gregory found that once degassing had 
been achieved, the graphite had to be kept under 
high vacuum and at a temperature of at least 1,100°C. 
otherwise the ‘blank’, i.e. the rate of gas evolution 
by the empty furnace, would not remain constant. 
Provision was made for holding five metal samples 
in the system simultaneously and for introducing 
them into the crucible as required. The sample- 
adding mechanism is shown in Fig. 3. 
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The five samples were held in the hinged trip- 
buckets A which were suspended between two glass- 
covered tungsten rods attached to the stopper at 
the top. Sealed into the base of each bucket was a 
small piece of soft iron which enabled the bucket 
to be tipped up by a solenoid B, projecting the 
contents into the inclined tube. The solenoids were 
actuated through a selector switch with press- 
button control so that any sample could be chosen 
when required. The carrier C, which was of con- 
siderably greater capacity than the buckets, was 
used for holding sufficient material (1-3 g.) for a 
metal bath. C consisted of an inclined tube at the 
closed end of which was a cylinder of soft iron 
followed by a cylinder of glass. The metal was 
ejected by raising the iron cylinder with a magnet. 
The glass cylinder was interposed to admit the addi- 
tion of magnetic metals by this device. 

The metal bath was used during the determina- 
tion of the oxygen content of beryllium. Because 
of the very refractory nature of the oxide, reduction 
by graphite takes place only slowly, even at 2,000°C. 
At this temperature, the high vapour pressure of 
beryllium (about 0.01 atmospheres) would result in 
extensive evaporation of the metal, as mentioned in 
an earlier section. This was overcome, however, by 
the use of a platinum bath which enormously 
speeded up the graphite-beryllium-oxide reaction, 
probably by acting as a medium or solvent for bring- 
ing the oxide and graphite into intimate contact. 
The lowering of the activity of the metallic beryllium 
by its solution in platinum greatly reduced its 
volatility and a marked reduction of evaporation 
was noticed. It was found that, under these condi- 
tions, chemisorption of oxygen by evaporated 
beryliium was negligible. 

The metal sample chosen for melting slid down 
the inclined tube and fell into the silica funnel D 
which, during the sample addition, was lowered by 
magnetic neutralisation of its counterweight E so 
that its tip was about 5 mm. above the mouth of the 

graphite crucible. As soon as the sample had been 
introduced into the crucible the funnel was raised by 
magnetic operation of the counterweight, which was 
attached to the funnel by a stainless steel chain 


A. H. TURNBULL 


and was adjusted so that friction would hold the 
funnel stationary in any position. Fig. 4 is a photo- 
graph of an earlier version of the sample-adding 
mechanism which did not incorporate the large 
sample carrier C of Fig. 3. 

The graphite crucible is shown in Fig. 5. The lid 
consisted of a graphite sphere (7 inch diameter) 
and rod (4 inch diameter) in one piece 23 inches 
in length. A piece of soft iron was fitted to the end 
of the stem which could slide into the side tube. 
The sphere normally sealed the top of the crucible 
but could be moved away magnetically for sample 
introduction or temperature measurement (by 
optical pyrometer). To facilitate release of evolved 
gases a small groove was filed across the crucible lip. 

So long as the correct experimental procedure was 
followed, an oxygen content of as little as 0.2% in 
a 2-10 mg. sample of beryllium could be determined. 


THIN FILMS 


Some of the purposes for which thin films are 
used at A.E.R.E. are as follows :— 


(1) As optical reflectors for scintillation counters 
(aluminium film on Perspex). 

(2) As targets for high voltage bombardments. 

(3) For fission cross-section measurements (thor- 
ium, uranium and plutonium films). 

(4) As neutron detectors 
(boron films—B *> Li?+«). 

(5) As replicas of surfaces for electron micro- 
scope investigations. 


Although electrodeposition and chemical deposition 
(e.g. thermal decomposition of volatile compounds, 
evaporation of solutions and suspensions) are used 
in some instances, most of the films are made by 
vacuum evaporation. Since much has been written 
elsewhere about this process, the principles of the 
technique need not be outlined here. Instead, we 
shall consider two pieces of apparatus built for 


special purposes. 


Controlled Evaporation Plant 
This apparatus was designed by the writer with 
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Fig. 3. (Above) Apparatus 
for the analysis of gases in 
metals, showing the most 
recent design of the sample- 
adding mechanism (Gregory). 
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The 
same apparatus as Fig. 3, 
fitted with an earlier version 
of the sample-adding mechan- 
ism. 


Fig. 5. (Left) Detailed 
drawing of the graphite cru- 
cible assembly of the above 
apparatus, 
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Subsidiary Techniques: Special 
Features of Evaporation Plant I. 


Pp s 


Figs. 6 (Above) & 7 (Below). Controlled eva- 
poration unit. The diagram shows details of the 
optical system. 


two objects in view, (a) the aluminising of 12-inch. 
diameter concave mirrors for a diffraction grating 
monochromator and (6) the production of aluminised 
quartz plates of known reflecting power for Fabry- 
Perot interferometers. The first requirement simply 
fixed the minimum size of the evaporation chamber, 
the second involved the design of a system which 
would enable the reflecting power of the plates to be 
continuously observed as the metal was deposited. 

The evaporation takes place within an aluminium 
‘bell-jar’, 30 inch. high by 143 inch. inside dia- 
meter, which is evacuated by a 6-inch. mercury 
diffusion pump backed by a rotary pump of 150 
l./m. displacement. A liquid nitrogen trap and baffle 
are fitted. A mercury diffusion pump is used in 
deference to experienced interference spectroscopists 
who claim that Fabry-Perot plates produced in a 
system evacuated by a mercury diffusion pump show 
less absorption of light than when an oil diffusion 
pump is used, even through a liquid nitrogen-cooled 
trap is fitted in both cases. 

In order to check the reflecting power of the 
interferometer plates as the aluminium is being 
deposited, the transmission is measured by means of 
the arrangement shown in Fig. 6. Light from a 
mercury vapour lamp S is collimated by the lens 
L1 which is sealed to the wall of the bell jar by an 
O-ring. The parallel beam is reflected by the 45° 
mirror M through a hole in the plate P (which 
supports the filament assembly) and thence along 
the axis of the bell jar. It passes through the blank 
interferometer plate B and is focused by the lens 
L2 on the photo-cathode of the photo-multiplier 
PM in front of which is placed a violet filter F. The 
latter only transmits wavelengths in the range 
3,850 A. to 4,700 A. The continual decrease in 
transmission through B as aluminium is deposited 
is measured in terms of photo-current. The use of 
the mercury vapour lamp and the violet filter were 
found to be necessary for the following reason. 
Without the filter and with a car headlamp bulb at 
S, an appreciable fraction of the light incident on 
the photo-multiplier consisted of light emitted by 
the tungsten filaments from which aluminium (in 
wire form) was being evaporated. This intensity 
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Subsidiary Techniques: Special Features of Evaporation Plant II. 


Figs. 8 (Above left), 9 (Above right) & 10 (Below). Front view, side view and complete assembly in 
work chamber of a continuous feed unit for vacuum metallisation apparatus. ( Fagues, Biram and Woodmore) 
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‘ 
increased as the aluminium evaporated—since there 
was less aluminium to heat up, more of the applied 
electrical energy was expended in heating the 
tungsten—so that it became impossible to obtain 
an accurate measurement of the transmission 
coefficient of the interferometer plate. 

Conventional features of the apparatus are, 

(1) an electrode for striking a glow discharge for 
‘clean-up’ purposes, 

(2) a flap (operated through a shaft seal) for 
covering up the work while the filament and 
the aluminium are being degassed, 

(3) a port hole through which the condition of 
the filament can be observed while heating 
up. 

Fig. 7 is a photograph of the complete system. 


Continuous Feed Unit 


Jaques, Biram and Woodmore’® have developed a 
device which continuously feeds the material to be 
vaporised on to the vaporising filament, thus enabl- 
ing heavy deposits to be put down in a single opera- 
tion. An elevation of the apparatus is shown in 
Fig. 8 and a side view in Fig. 9. Aluminium or 
other wire 1 on a spool 2 is fed through a stainless 
steel scanning guide 3 on to a heater element 4. The 
spool 2 is supported on a carrier 5 which pivots 
about an axis 6. A peg 7 fixed to a gear wheel 8 can 
slide in a slot 9 in the carrier 5, causing the carrier to 
oscillate when 8 rotates. The wheel 8 is driven by a 
gear wheel 10 fixed on a driving shaft 11. The wheel 
8 drives a gear wheel 12 mounted on a spindle 6 to 
which is also fixed the pulley 13. This pulley has a 
concave rim and runs in contact with a rubber ring 
which forms the convex rim of an idler pulley 14. 
The wire 1 is driven between these pulleys 13 and 
14. The stainless steel scanning guide tube 3 is 
fixed in supports 15 so that it oscillates with the 
carrier 5. The wire 1 is driven through the tube 3 by 
the pulley 13 and on to the element 4 where it 
melts, runs over the element and is vaporised in 
the normal way. 

Fig. 10 is a photograph showing the device 
mounted inside the bell-jar of an evaporation 


apparatus. 
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MASS SPECTROMETRY 


Where there are stable isotopes there must be 
mass spectrometers. The end product of any isotope 
separation process must be checked and one of the 
major duties of the A.E.R.E. Mass Spectrometer 
Group is to carry out abundance ratio measurements 
on the products of, for example, the carbon monoxide 
distillation process for the enrichment of the carbon- 
13 and oxygen-18 isotopes®, the thermal diffusion 
process for helium-3 or the boron trifluoride etherate 
distillation process for boron-10. The mass spectro- 
meter is also used to monitor samples of enriched 
stable isotopes produced by the Harwell large 
electromagnetic separator. 

In addition to isotope-abundance ratio measure- 
ments, the Harwell mass spectrometers find other 
uses, such as the analysis of fission product gases, 
the analysis of inert gas mixtures, geological age 
determinations by the rubidium-strontium and the 
uranium-lead methods, and neutron absorption 
cross-section measurements in which a substance is 
irradiated in a nuclear reactor and then subjected to 
a qualitative and quantitative analysis. 


Equipment 

At the present time, the equipment of the Mass 
Spectrometer Group comprises one commercial 
and two ‘home-made’ machines for analysing solid 
samples, two commercial machines for general gas 
analysis and two ‘home-made’ machines which are 
reserved entirely for hydrogen and deuterium 
samples. Of these last two machines, one is used 
for samples which are predominantly hydrogen and 
the other for samples which are mainly composed 
of deuterium. 

The reason for this is as follows. Suppose the 
mass spectrometer tube has been well baked out 
and that a sample consisting mainly of hydrogen is 
admitted. Hydrogen is adsorbed by the walls of 
the apparatus and some of it remains when the 
sample has been pumped away. Let us suppose 
now that the next sample is mainly deuterium. 
When it is admitted to the tube, an exchange 
process occurs between gas molecules adsorbed 
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on the walls and gas molecules in the sample. As a 
result, the gas mixture in the tube will become 
depleted in deuterium. Although this effect can 
never be completely eliminated so long as one is 
concerned with hydrogen/deuterium mixtures of 
varying constitution, it can be minimised by the 
means indicated. 

It is obviously essential in mass spectrometry to 
keep the residual gas pressure in the instrument as 
low as possible, and those machines which are in 
frequent use are pumped continuously twenty-four 
hours a day, seven days a week. The background 
pressure is not more than 10-* mm. Hg and in some 
cases almost as low as 10-° mm. Hg. The machines 
which are used for gaseous samples are equipped 
with oil diffusion pumps and dry ice-cooled vapour 
traps. If liquid nitrogen-cooled traps were used, 
some gases, ¢.g. oxygen, carbon dioxide, would be 
condensed there and, being impossible to remove on 
completion of a run, would give rise to an undesir- 
able background at the appropriate mass numbers. 
The use of a dry-ice trap has two disadvantages, 
both of which arise from the relatively high vapour 
pressure (10-? mm. Hg) of water at dry-ice tem- 
perature: (1) There is a large peak at mass 18. 
(2) Cracked oil deposits carbon on the ion source fila- 
ment and the incandescent carbon reacts with water 
vapour to produce a large background carbon 
monoxide peak. Incidentally, this situation is not 
improved when mercury diffusion pumps are used 
instead of oil diffusion pumps, the inference being 
that oil finds its way into the system from the rotary 
pump, even through a cooled trap. These two dis- 
advantages can generally be tolerated, however. 

The commercial solid source machine incorpor- 
ates a vacuum lock which eliminates the need to 
open the system to atmosphere when changing the 
sample. A drop of distilled water is added to the 
powdered sample on a watch glass and the slurry is 
painted on to the filament of the ion source assembly. 
It is then dried under an infra-red lamp and the 
assembly is placed in a rectangular slot cut in a 
stainless steel bar which forms the moving part of 
the vacuum lock. There are two such slots in the 
bar so that two ion source assemblies can be accom- 


modated. The bar slides through a series of poly- 
thene rings which act as shaft seals. When one 
sample is in position in the machine, the other is 
outside the vacuum lock. Movement of the bar 
brings the chamber containing the new sample into 
the space between a pair of sealing rings where it is 
evacuated by a rotary pump. After a suitable time 
interval it is moved on to the space between a second 
pair of rings where it is further evacuated by an oil 
diffusion pump backed by a rotary pump. Finally, it 
is brought into position at the source end of the mass 
spectrometer tube where it is differentially pumped 
by the main pumping system, since it communi- 
cates with the spectrometer tube through the source 
slit only. The act of introducing a new sample in 
the manner described above also brings the previous 
sample outside the vacuum lock by the reverse 
process. The vacuum iock and part of the pumping 
system of this machine are shown in Fig. 11. The 
mass spectrometer tube itself is not visible, although 
the yoke of the magnet can be seen behind the three 
diffusion pumps. One of the ion source slots in the 
sliding bar can be seen just outside the vacuum 
chamber, 7.e. vertically above the vapour trap which 
is on top of the left-hand diffusion pump. The 
other ion source is out of sight inside the vacuum 
chamber and at the end of the spectrometer tube. 
In practice it can be seen through the central obser- 
vation window in the vacuum chamber. 

Each mass spectrometer is fitted with standard 
protective devices. An ionisation gauge relay cuts 
off the gauge itself, the spectrometer ion source fila- 
ment and the high voltage (ion accelerating) supply 
if the pressure rises above a predetermined value, 
and a water-flow relay in addition to cutting off the 
same three items, also switches off the diffusion 
pump if the cooling water supply fails. 

The methods of construction of the instruments 
follow standard high vacuum practice. The use of 
brass is avoided in parts which reach high tempera- 
tures when the machine is in operation and in those 
sections which have to be baked out. All hard solder 
is cadmium-free. Demountable joints are usually 
made with the aid of natural rubber O-rings, 
although metal gaskets have occasionally been used. 
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For purposes of vacuum testing, the mass spectro- 
meter is of course used as its own leak detector. 


Handling Gas Samples 

In the course of some early work on oxygen iso- 
topes in carbon monoxide, the samples were 
manipulated in a copper manifold with a flattened 
copper tube leak connecting the manifold to the 
spectrometer. Inconsistent results were obtained 
due to an exchange of oxygen between the sample 
and copper oxide and copper carbonate which con- 
taminated the walls of the system. Consistent 
results were obtained when a glass sample system 
was used. The systems in use at present are based 
on an early model which has been described by 
Palmer’. They are all glass, apart from metal valves 
on the backing side of the diffusion pump, and the 
various sections are isolated from one another by 
mercury cut-offs. The gas sample is received in a 
breaker-seal tube which is glass-blown on to the 
system. After leak-testing the joint, the sealed tube 
is broken open under vacuum and the sample 
expands into a 5-litre bulb at a pressure of about 
0.1 mm. Hg. From here it is admitted into the mass 
spectrometer through a sintered glass plug. The 
conditions are such that the gas flow is molecular 
so that any particular molecule in the sample finds 
its way through the leak quite independently of any 
other molecule. However, a gas of low molecular 
weight flows through the leak more quickly than a 
heavier gas, so that fractionation occurs. After 
passing through the leak, the gas enters the spectro- 
meter ion chamber where the molecules are ionised 
by electron bombardment. The pressure in this 
chamber is about 10-* mm. Hg. The ions are with- 
drawn from the chamber through a narrow beam- 
defining slit into the main spectrometer tube where 
the pressure is about 10-7 mm. Hg. Thus the flow 
of gas out of the ion chamber is molecular and the 
lighter molecules leave the chamber more quickly 
than the heavier ones. This compensates for the 
fractionation at the sintered glass plug, so that the 
constitution of the gas mixture in the ion chamber 
should be about the same as in the sample reservoir. 
Ultimately, the reservoir becomes relatively depleted 
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in lower molecular weight constituents, but the 
change which occurs in the time required to 
measure a sample is quite negligible. 

For relative abundance measurements it is some- 
times desirable to have the gas entering the system 
under viscous flow conditions because the conse- 
quent high working pressure minimises any 
‘memory’ effects in the spectrometer. The resultant 
fractionation which occurs in the ion chamber is 
immaterial here, because when measuring the rela- 
tive abundance in an enriched sample, the machine 
is previously calibrated with an unenriched sample. 


Ion Collection 


Where maximum sensitivity is required in a mass 
spectrometer, the ion beam intensity is generally 
measured by means of an electron-multiplier. 


-Those used in the Harwell mass spectrometers have 


eleven dynodes of specially treated beryllium 
copper. The multiplier is placed within the main 
envelope of the mass spectrometer and is situated so 
that its first dynode is just behind the final slit of 
the collector assembly. The output from the 
multiplier is amplified and fed to a pen recorder. 

Fig. 12 shows the recorder trace produced by 
scanning the mass spectrum of tantalum, obtained 
by using a tantalum filament in the ion source of 
one of the Harwell solid source mass spectrometers. 
Scanning is effected by varying the field of the 
spectrometer electromagnet. 


HIGH POWER VALVES 


Developments in linear accelerator design which 
lead towards the production of particles of increas- 
ingly high energy demand parallel developments in 
the design of the high power radio frequency 
valves which generate the accelerating electro- 
magnetic waves for these machines. The construc- 
tion of a valve such as a 20 megawatt klystron or a 
200 mc. grounded grid triode becomes almost an 
engineering project, as reference to Fig. 13 will 
show, but the same stringent high vacuum condi- 
tions are necessary for its successful operation as 
for the operation of the small sealed-off radio valve. 
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Instrumentation: Design Aspects of Mass Spectrometers. 


Fig. 11 (Below). Mass spectrometer pumping 
system and vacuum lock. 


i 


by Courtesy of Metropolitan Vickers Electrical Co. Ltd. 


Fig. 12 Double scan of mass spectrum of 
tantalum. Large peak (Ta 181) on 10 V scale of out- 
put amplifier, small peak (Ta 180) on 50 mV scale. 
% Ta 180=0.0017 + 0.0006. 
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Materials and Construction 

The valve components are made of materials 
which are considered ‘clean’ in the vacuum sense, 
e.g. oxygen-free copper, nickel, copper-nickel alloys 
and stainless steel. The last named is generally nic- 
kel-plated when it is to be brazed. Brazing is carried 
out in vacuum or in an atmosphere of hydrogen 
or ‘forming gas’ (70% nitrogen, 30% hydrogen) 
so that oxidation of the metals is avoided. Since, 
in the interests of cleanliness, flux cannot be used, 
the brazing material must flow into the joint by 
capillary action. Hence a high standard of fitting 
between the various components is called for during 
manufacture. The brazing materials used are copper- 
silver eutectic, gold-copper eutectic or alloys and 
occasionally gold-nickel eutectic. They are used in 
the form of wire and foil or, when copper parts are 
to be brazed, as an electroplated coating. Vacuum 
brazing is carried out in a furnace capable of reach- 
ing a temperature of 1,200°C. The work is supported 
in a basket 18 inch. diameter by 36 inch. long. The 
furnace is evacuated by a 9-inch. oil diffusion pump 
backed by a suitable rotary pump. The diffusion 
pump is baffled but no refrigerated trap is used. 

Two types of glass-to-metal seal are used in the 
construction of high power valves at Harwell. In 
the first of these, the metal is an iron-cobalt-nickel 
alloy and the seal is made by eddy-current heating. 
The metal end of the seal is brazed to the valve 
body also by eddy-current heating. The second 
type of seal used is chrome-iron. This is an alloy 
containing about 20% chromium and 80% iron. 
Within limits, the chromium content is not of prime 
importance. It is vital, however, that the carbon 
and nitrogen content should be low, otherwise 
austenite is formed when the metal is heated during 
the manufacture of the seal. On cooling, the 
austenite causes a sudden contraction of the metal 
at a certain temperature and this results in fracture 
of the seal. The actual chrome iron-to-glass seal is 
made on a glass lathe and, formerly, the metal -part 
was subsequently joined to the valve body by argon 
arc welding. The present practice, however, is first 
to braze the chrome-iron to the appropriate com- 
ponent of the valve body and then make the glass- 
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to-metal seal. The component ends in a flange which 
is later sealed to a similar flange on the main body 
of the valve by means of a tin gasket. 

The electrodes of these high power valves may be 
of molybdenum, tungsten or tantalum, in addition 
to the metals already mentioned. They are fabri- 
cated by hydrogen-arc welding, argon-arc welding, 
spot-welding or brazing. 

Where possible, the valve components are vacuum 
tested with the oxygen leak detector (described in a 
later section) and baked in vacuum or in hydrogen 
prior to assembly. After assembly the valve is evacu- 
ated to at least 10-* mm. Hg (measured on a hot 
cathode ionisation gauge) by means of a 4-inch. oil 
diffusion pump fitted with a baffle and a liquid 
nitrogen-cooled trap. The usual outgassing and 
activation processes are applied where appropriate 
and the valve is then put on test. 

The vacuum system is fitted with the usual protec- 
tive devices, viz. waterflow relays and Penning- 
gauge relays which cut off the hot cathode ionisation 
gauge supply and the high voltage supply to the 
valve if the pressure rises above a pre-determined 
value. The isolation valve betwen the pumping 
system and the r.f. valve is of the type in which rota- 
tion of a handwheel lowers a plate over the top of 
the liquid nitrogen trap. A method has been 
developed of closing this valve automatically. The 
operating spindle of the valve is suitably linked to a 
clock spring which is wound up manually and is 
kept in that condition by a catch. Deterioration of 
the vacuum operates a Penning-gauge relay which 
in turn withdraws this catch. The clock spring then 
unwinds and closes the isolation valve by rotating 
the operating spindle. 


PROTON LINEAR ACCELERATOR 
VACUUM SYSTEM 


When completed, the Harwell proton linear 
accelerator will have the distinction of being the 
largest vacuum system in the Establishment, with a 
pumped volume of over 2,000 cubic feet.* The 


* The 7 GeV proton synchrotron at present being designed 
will also have a volume of about 2,000 cubic feet. 
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Research Plant: Linear Accelerator I. 
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Fig. 13. Section of 200 mc./s. grounded-grid triode. (} full size.) 
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Research Plant: Linear Accelerator II. 
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Fig. 14. Diagrammatic presentation of the vacuum system of the proton linear accelerator. Details including the 
operation of the various protective devices are given in the text, see page 147. 
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vacuum envelope of the accelerator proper will 
consist of three cylindrical steel tanks lying end-to- 
end with their axes horizontal. For ease of access 
to the interior, each tank is split into two sections 
along a horizontal plane below the axis, the sections 
being sealed together through the medium of a 
half-inch diameter rubber cord. This cord, which 
is lightly greased, lies between unmachined hand- 
scraped surfaces. The first tank, which is 20 ft. 
long and 5 ft. in diameter, is now in position and has 
been evacuated to a pressure of 5x 10-* mm. Hg 
when empty. With the tank liner in place, the 
lowest pressure so far attained is 9x 10-* mm. Hg. 
The liner incorporates a water-cooling system in 
which there are several hundreds of yards of water 
piping and about five hundred hard-soldered joints. 
Each of the remaining two tanks is 40 ft. long and 
5 ft. in diameter. In addition to the three tanks, 
there is a particle injector chamber which has a 
volume of a few cubic feet and is evacuated by its 
own pair of 14-inch./9-inch. diffusion pumps and 
rotary backing pump. The body of each of these 
diffusion pumps is 14 inch. in diameter in the region 
of the high-vacuum jet, reducing to 9 inch. round the 
lower jets. 

The vacuum system (which was manufactured 
by Messrs. Metropolitan-Vickers Electrical Co. 
Ltd.) is shown schematically in Fig. 14. Tank No. 1 
is evacuated by two 20-inch. diffusion pumps 
DPA/1 and DPB/1 backed by a gas-ballast rotary 
pump RPB with a displacement of 100 c.ft./m. On 
top of each diffusion pump is an alumina trap T 
designed to prevent oil vapour from back-streaming 
into the tank, and above this is an isolation valve 
(V3A/1 and V3B/1). The net speed of each diffusion 
pump with its associated alumina trap is about 
1,700 1./sec. 

The larger tanks, Numbers 2 and 3, are each 
evacuated by four 20-inch. diffusion pumps, each 
pair of which is backed by one 100 c.ft./m. gas- 
ballast rotary pump. One can consider the whole 
pumping system, therefore, to be made up of six 
units each consisting of a pair of oil diffusion pumps 
(20-inch. pumps for Tanks 1 to 3 and 14-inch./ 
9-inch. pumps for the injector) backed by one rotary 
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pump. All the rotary pumps share a common 3-inch. 
diameter backing line 100 ft. in length which can be 
divided into sections by means of 3-inch. sluice 
valves V6A to V6E. Vacuum ‘plumbing’ in the 
backing line is carried out by means of tee-pieces 
and elbows machined from aluminium alloy. The 
vacuum-tight connections between these and the 
backing line are made by the well-established 
practice of compressing a fully trapped round 
section rubber ring. 

Let us consider the pumping system of Tank 
No. 1 in Fig. 14. The rotary pump RPB is con- 
nected through the valve VIB to the common 
backing line. The backing sides of the two oil 
diffusion pumps DPA/1 and DPB/1 are also con- 
nected to this line through the valves (V2A/1 and 
V2B/1). For ‘roughing out’ purposes, the diffusion 
pumps can be by-passed by a pipe leading from 
RPB through the valve V5B/1 to the tank. There is 
also a branch pipe leading through the valve V5A/2 
to Tank No. 2 so that this vessel can be rough- 
pumped by RPB if required. (There are similar 
connections between RPA and Tank No. | and 
between RPD and Tank No. 3). The main iso- 
lation valves between the diffusion pumps and the 
tanks are of the flap type while all the remaining 
valves are of the sluice type shown in Fig. 15. All 
valves are pneumatically operated and electrically 
controlled. 

If, when the system is under vacuum, it becomes 
necessary to let Tank No. 1, say, up to atmospheric 
pressure, the following procedure is adopted. 
Valves V4A/1, V4B/1, V3A/1, V3B/1 and V1B are 
closed. The rotary pump RPB is stopped, causing 
the air inlet valve AIV above RPB to open auto- 
matically. The valve V5B/1 is opened, thus allowing 
the pressure in Tank No. 1 to rise to atmospheric. 
The diffusion pumps DPA/1 and DPB/1 are still 
connected to the common backing line, and remain 
in operation. When Tank No. 1 is to be re-evacu- 
ated, RPB is set in operation again and roughs out 
the tank through V5B/l. The tank pressure is 
monitored by a thermocouple gauge whose output 
is fed into a magnetic amplifier and hence can be 
used to operate a relay. When the tank pressure 
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reaches 0.1 mm. Hg, V5B/1 is closed by the operator 
and V1B is opened. The thermocouple gauge relay 
permits V3A/1 and V3B/1 to be opened at this 
pressure, provided V5B/1 is closed. When Tank 
No. 1 has reached its ultimate pressure, valves V4A/1 
and V4B/1 are re-opened. 

Safe working of the system is maintained by 
various protective devices. Let us consider their 
operation with respect to Tank No. 1 and its pump- 
ing system. 


(1) If the rotary pump-RPB stops for any reason 
(e.g. seizure) VIB closes. The contactor 
unit which supplies power to the motor 
driving RPB incorporates auxiliary con- 
tacts which control the hydraulic operation 
of VIB. If RPB stops, the overload trip in 
the contactor unit comes into operation, 
the contacts open and VIB is closed. 


(2) If the backing pressure rises, V3A/1, V3B/1, 
V6A and V6B close. 
This operation is performed by a relay fed via 
a magnetic amplifier ‘from a thermocouple 
gauge in the section of the backing line 
appropriate to Tank No. 1. If the diffusion 
pumps are warming up when this pressure rise 
occurs, thermostats on the walls of the pumps 
act in conjunction with the thermocouple 
gauge relay to switch off the pump heaters. If, 
however, the pumps are already at operating 
temperature, the valves V2A/1 and V2B/1 are 
automatically closed. 
A rise in tank pressure will also produce the 
same sequence of events, since it causes a rise in 
backing pressure. 


(3) If the tank pressure rises above 10-* mm. 
Hg, a relay operated by a Penning gauge 
shuts the valves V4A/1 and V4B/1 and 
isolates Tank No. 1 from the other tanks. 


(4) If the cooling water supply to any diffusion 
pump fails, a water flow relay isolates the 
pump by closing the valves on its high 
vacuum and backing sides and also causes 
its heater to be switched off. 
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HEAVY-ELEMENT ELECTROMAGNETIC 
SEPARATOR 


Vacuum System 


Although the vacuum system of the Mark II 
Heavy-Element Separator, known as ‘Hermes’, is 
small compared with that of the proton linear 
accelerator, it is worthy of description on account 
of the control devices which render the vacuum 
operations almost fully automatic. 

The high vacuum side of the system consists 
chiefly of the ‘beam tank’ through which the posi- 
tive ions pass from the source at one end to the 
collector at the other. This tank has a volume of 
12.5 c.ft. and the pressure in it has to be maintained 
at not more than 2 10-° mm. Hg under operating 
conditions. At either end of the beam tank is a 
manifold into which are built two liquid nitrogen- 
cooled traps. Each trap communicates through a 
12-inch. isolation valve with a 9-inch. oil diffusion 
pump. These main isolation valves (C1-C4 in 
Fig. 16) are pneumatically operated, the air supply 
being controlled electrically by solenoid valves 
mounted on a remote control panel. All four pumps 
have a common backing line which is served by two 
rotary pumps, each with a displacement of about 
50 1./sec. and each having its own dry ice trap. 
These traps were found to be essential for protecting 
the rotary pumps against corrosion damage when 
rough-pumping the beam tank. In the absence of 
the traps, continued pumping of corrosive vapours 
(e.g. boron trichloride, used in the production of 
boron-10) results eventually in seize-up of the 
rotary pumps.* Each dry-ice trap can be isolated 
from the backing line to the diffusion pumps and 
also from its rotary pump by means of pneumatic- 
ally operated 13 inch. valves (D1-D4 in Fig. 16) 
and furthermore, either or both of these traps can 
be evacuated by an auxiliary roughing pump. 
There is a pneumatically-operated 13 inch. valve 
between each diffusion pump and the backing line 
(B1-B4 in Fig. 16) and each pair of diffusion pumps 


* The system was designed before large gas-ballast 
pumps were commercially available. 
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Research Plant: Heavy Element Separator. 
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Fig. 16. Vacuum systems of heavy-element electromagnetic separator. (‘Hermes’) 


Fig. 17. Liquid nitrogen supply system for vapour traps. 
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is by-passed by a line through a pneumatically- 
operated 14 inch. valve (Al, A2) from the mani- 
fold to the backing line. 

The pressure in the beam tank is measured by a 
hot cathode ionisation gauge IG and also by two 
Penning gauges PG1 and PG2, one at either end of 
the tank. These gauges provide a signal to switch 
off their power supplies if the beam tank vacuum 
deteriorates. A thermocouple gauge TCl measures 
the pressure in the common backing line and two 
more gauges of this type TC2 and TC3 measure 
the pressures over the two main backing pumps. 
The system is also equipped with relays operated 
by Pirani gauges Pl-P6 and with temperature 
operated relays T1-T4 whose function will become 
apparent later. Each liquid nitrogen-cooled and dry- 
ice-cooled vapour trap is fitted with a temperature 
probe consisting of a thermistor whose resistance 
changes as the coolant level varies. This change is 
translated by electronic controls into the signals: 

Coolant Falling, Coolant Rising or Trap Empty. 

In the case of the liquid nitrogen-cooled 
traps, a Coolant Falling signal operates a device 
shown in Fig. 17 which automatically restores the 
coolant level. An appropriate signal from the tem- 
perature probe in the trap closes the solenoid- 
operated valve V so that compressed air from a 
laboratory supply line is compelled to enter the 
liquid nitrogen container N. Here it builds up a 
pressure and blows the liquid refrigerant out through 
the tube T into the Dewar vessel round the vapour 
trap until such time as the resultant Coolant Rising 
signal opens V again. In this device, wide-bore 
pipes are used, wherever there would otherwise be 
a danger of blockage by water vapour freezing out. 
The liquid nitrogen feed pipe T is vacuum-jacketed. 
A blow-off valve is fitted to the container as a final 
safety precaution. 

If for any reason the Coolant Falling signal fails 
to operate the automatic topping up device, a timer 
causes an alarm bell to ring one hour after the signal 
originated. The dry-ice traps have to be replenished 
manually in response to the Coolant Falling signal. 
If not, then once again an alarm bell rings after an 
hour’s delay. The dry-ice traps will eventually be 


replaced by commercial refrigeration units operating 
at —60°C. 


Operation 


The main control on the vacuum system is a 
sequence selector switch having three positions, 
Off, Stand-By and Work. 

In addition there is a switch for selecting one of the 
two rotary backing pumps (only one is required to 
be in operation at a time) and a switch for each of the 
four diffusion pumps. The essential conditions in 
the system corresponding to the three positions of 
the main sequence selector switch are as follows :— 


Off—All valves closed. 


Stand-By—Turning the main switch to this 
position brings the selected backing pump into 
operation and opens the corresponding D- 
valves. In the case of backing pump No. 1, 
valve D2 opens first and then a G.P.O.-type 
timer allows D1 to open thirty seconds later. 
When the backing pressure has reached a 
suitably low value, the Pirani gauge P6 in the 
backing manifold operates a relay which opens 
the B-valves corresponding to the selected 
diffusion pumps (any number of which may 
be operated simultaneously) and, if the 
cooling-water flows are in order, energises the 
diffusion pump heaters. 


Work—On switching over to this position, 
all B-valves immediately close and the A-valves 
open. When the beam tank pressure has been 
sufficiently reduced by the duty backing pump, 
the Pirani gauge P5 in the tank operates a 
relay which re-opens the B-valves of the selected 
diffusion pumps. After a delay of thirty seconds, 
the A-valves close automatically and the C-valves 
of the selected diffusion pumps open so that 
the beam tank will now be evacuated to the 
working pressure. 


In the event of an unacceptable pressure rise in 
the beam tank, the Pirani gauge P5 causes an alarm 
relay to lock in. This results in the C-valves 
closing (the A-valves are already closed) and the 
main alarm bell rings. 


| 


VACUUM GROUP 


There exists at Harwell a small Vacuum Group, 
which (if one may use the impersonal pronoun), is 
available for advice on the design of vacuum systems, 
the use of vacuum materials and equipment, methods 
of leak hunting, etc. By engaging also in a pro- 
gramme of research, the Group is continually adding 
to its fund of knowledge and experience, to the 
benefit of its advisory service. 

Some points of interest which have emerged from 
the work of the Group over the last ten years are 
described below. 


Shaft Seals 


In the course of examining the properties of shaft 
seals, Dawton® discovered that a Wilson seal, turned 
the ‘wrong’ way round, would still function satis- 
factorily. As the reader is probably aware, the 
original Wilson shaft seal consisted of a rubber disc 
pierced by a hole of a diameter about one third 
smaller than the diameter of the shaft which passed 
through it. The rubber disc was clamped within 
the body of the seal and was supported on a conical 
bed as shown in Fig. 18 so that it was held outward 
from the vacuum side of the seal. It was originally 
considered that the seal owed its vacuum tightness 
to the fact that atmospheric pressure forced the 
rubber against the surface of the shaft. Dawton’s 
experiments, however, showed that the vacuum 
properties of the seal were due to the elasticity of 
the rubber. From this point it was but a short step 
to the use of the O-ring shaft seal, which was much 
simpler to manufacture. Two-way and single-way 
vacuum valves using O-ring shaft seals were 
developed by Shatford and have been described 
elsewhere.?® 


Refrigerated Baffle 


Experiments by Barton and Turnbull! on the 
refrigeration of an oil diffusion pump baffle showed 
that if instead of using tap water one circulated 
alcohol chilled in a dry-ice bath through the cooling 
coil of the baffle, thus reducing the temperature of 
the baffle plates to —60°C., an ultimate pressure of 
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Vacuum Engineering Development Work I. 
System Accessories. 
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Fig. 18. Wilson seal. 
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Fig. 19. Charcoal trap for diffusion pump system. 


8.6 x 10-7 mm. Hg was obtained over the top of the 
baffle as compared with 1.5 10-> mm. Hg when 
the baffle plates were at 13°C. 


Measurement of Hydrogen in Nitrogen 

A Pirani gauge incorporating a _ palladium 
‘window’ was developed by Turnbull and Harrison" 
for the measurement of low concentrations of 
hydrogen in nitrogen in the range 0 to 500 p.p.m. 
With an initial sample pressure of 100 mm. Hg, a 
hydrogen concentration of 20 p.p.m. was easily 
measurable and the results indicated that a concen- 
tration as low as 2 p.p.m. could probably be 
measured. Some trouble was experienced initially 
due to poisoning of the palladium barrier, probably 
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Vacuum Engineering Development Work II. 
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Fig. 20. Getter-Ion pump. 


due to the presence of hydrocarbons in the vacuum 
system. As the system ‘cleaned up’ under the 
influence of continuous pumping, the poisoning 
ceased to occur so long as a cooled vapour trap was 
present between the palladium-Pirani gauge and the 
remainder of the vacuum system. 


Leak Detection 


Barton” has carried out experiments with a leak 
detector whose operation depends on the fact that 
the presence of oxygen causes a decay of electron 
emission from the cathode of a diode. A standard 


hot cathode triode ionisation gauge connected as a 
diode was used in conjunction with a standard 
A.E.R.E. ionisation gauge control unit plus a simple 
auxiliary circuit. The use of the detector is limited 
to total pressures less than 10-* mm. Hg and its 
sensitivity increases with decreasing total pressure. 
Barton’s results indicate that at a total pressure of 
10-* mm. Hg, a leak which contributes a partial 
pressure of about 10-® mm. Hg to this total should 
be detectable when probed with oxygen. 


Charcoal Trap 


Where it is desirable to keep oil vapour out of a 
vacuum system, the cost of liquid nitrogen as a 
vapour trap refrigerant and the complications of 
keeping the trap fully charged become formidable 
when the system incorporates a large number of 
vacuum pumps, as in the Harwell linear accelerator. 
In an effort to find a simple and cheap means of 
reducing the quantity of oil backstreaming from a 
diffusion pump into a vacuum system, Barton has 
developed a trap consisting of an annular dish above 
which is mounted a baffle plate (Fig. 19). The dish 
is filled with activated charcoal at room temperature. 
Any oil backstreaming from a pump situated below 
the trap has to pass over the surface of the charcoal 
before it can enter the vacuum chamber. The use 
of such a trap has produced as much as a ten-fold 
reduction in the ultimate pressure in the system. 
By incorporating a heater in the bottom of the 
annular dish (not shown in Fig. 19) the charcoal 
can be baked out im situ when saturated. 

Independent work on charcoal traps is also in 
progress elsewhere. 


Properties of Rubbers and Plastics 


A special programme of work involving the 
measurement of the permeability and out-gassing 
properties of rubbers and plastics is at present in 
hand. The results so far obtained indicate that, in 
general, synthetic rubbers are less permeable to air 
than natural rubbers but that they outgas more 
profusely. A silicone rubber which was tested was 
less objectionable from the outgassing point of view 
than other synthetic rubbers but its permeability 
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was greater than that of natural rubbers. It appears, 
therefore, that a low permeability and a low out- 
gassing rate are incompatible in rubbers. 


Getter-Ion Pump 


A getter-ion pump is being developed with a view 
to its use in a sealed-off system for evacuating r.f. 
valves. At present these valves are evacuated con- 
tinuously by a conventional pumping system with all 
the attendant dangers (despite protective devices) 
of power and cooling-water failures and the dis- 
advantages of maintaining the refrigerant supply to 
vapour traps. Although the chances of accidental 
damage are small, they are not zero, and a high 
power r.f. valve is a costly item. 

The ion pump part of the getter-ion pump is in 
fact a large Penning gauge, the cathode being a 
g-inch. diameter ring of 1 mm. tungsten wire 
(Fig. 20) and the anode, a pill-box with a central hole 
in the top and bottom faces. The anode, which is 
of copper-nickel alloy, surrounds the cathode as 
shown. The anode and cathode are contained in a 
copper pill-box 12 inch. in diameter by 2 inch. deep 
which sits in the pole-gaps of six permanent 
magnets arrayed in a circle. (In later models it is 
proposed to dispense with a separate anode and to 
use the outer container for this purpose.) All seals 
between demountable parts are made by means of 
indium gaskets. The gettering action is provided by 
a helix of titanium wire wound on the cathode of 
the ion pump. This is heated electrically and starts 
its pumping action at about 1,450°C. to 1,500°C., 
7.e. about 300°C. below the melting point of titanium. 

The speed of this particular pump for nitrogen is 
100 1./sec. at 10-3 mm. Hg, rising to 1,600 1./sec. at 
5x10-* mm. Hg. By some means the presence of 
the getter improves the performance of the ion 
pump section, as the following figures show. 


Table Il. 
Speed of Ion 
Nitrogen Total  |Speed of Getter |Pump only with 
Pressure Speed Pump only Getter 
Saturated 
mm. Hg | 350 1./sec. | 205 1./sec. 1./sec. 
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Vacuum Engineering Development Work Il. 
Standards. 


Fig. 21. Bellows-sealed vacuum valve. 


Fig. 22. Vacuum union (reducing type). 


The total speed with both parts of the pump operat- 
ing simultaneously gave a figure which was about 
150 1./sec. greater than the speed obtained with the 
ion pump switched off. However, when the getter 
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Vacuum Engineering Development Work IV. Mercury Cleaning. 
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Fig. 23 (Right). Mercury washing tower. 
Fig. 24 (Above). Mercury distillation apparatus. See text page 155. 


pump was switched off and any deposited titanium 
rendered inactive by saturating with nitrogen (and 
then pumping away the surplus gas), the ion pump, 
when brought into operation, had a speed of not 
more than 10 1./sec. 

It has not yet been determined how much gas can 
be removed before the pumping action deteriorates 
although it has been observed that titanium which 
appeared to be saturated regained its ability to 
pump after remaining under vacuum overnight. 
In the course of pumping down a 10-litre tank from 
an initial pressure of 10-* mm. Hg, the pumping 
action down to 10-° mm. Hg was mainly due to the 
getter pump and from 10-° to 10-’ mm. Hg most 
of the work was done by the ion pump. Experi- 
ments are continuing. 


Standardisation 

An important function of the A.E.R.E. Vacuum 
Group has been the standardisation of vacuum 
equipment. {-inch, 34-inch, l-inch, and 2-inch. 
bore copper pipes to British Standard Specifica- 
tion 659 were chosen as standard for vacuum 
‘plumbing’ on the laboratory scale. Bellows-sealed 
vacuum valves (Fig. 21) were made with inlet and 
outlet pipes of the same outside diameter as the 
standard copper pipes and vacuum unions of the 
compressed rubber ring type (Fig. 22) were also 
made to suit these pipes. In addition, manu- 
facturers of vacuum equipment were persuaded to 
fit their commodities with pipes of standard outside 
diameter where possible. 

Commercial hot-cathode ionisation gauges of 
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types which have been tested and approved are kept 
in stock as standard items and special vacuum 
unions have been made available for joining these 
gauges to the standard l-inch copper pipe. Control 
units for these gauges were developed by the 
A.E.R.E. Electronics Division and are made specially 
for the Establishment by outside manufacturers. 
Glass-envelope Penning gauges (alternatively known 
as Philips ionisation gauges) are made by the 
Glassblowing Section but it is likely that these will 
eventually be manufactured outside the Establish- 
ment. Control units for these gauges are also made 
to A.E.R.E. design by outside manufacturers. 

Other items of equipment which are commercially 
available are stocked by the A.E.R.E. Stores Section 
and a comprehensive range of spare parts is also 
kept in stock. By this means, the components 
necessary to build almost any laboratory scale pump- 
ing system are usually immediately available and by 
virtue of the standardisation of pipes, valves, unions, 
etc., the labour involved in assembling a vacuum 
apparatus is reduced to a minimum. 


Mercury Cleaning 


Mercury for vacuum work should be, like Caesar’s 
wife, beyond reproach, and the Vacuum Group 
cleans mercury for its own purposes in the following 
way. 

First of all, mercury in the ‘as received’ condition 
is poured into an inclined tube and air is drawn 
through the metal by means of a water jet pump. 
After a suitable time the unoxidised material is 
poured off at the lower part of the tube. It is then 
transferred to a glass funnel which is drawn off into 
four fine jets. It issues from these almost as a 
spray into a glass washing tower, 3.5 cm. in diameter 
and approximately 1 metre long (Fig. 23), which 
terminates in an S-bend of 4 mm.-bore capillary 
tube. At intervals, whenever the head of mercury 
has built up sufficiently, a few cubic centimetres 
siphon out into a waiting beaker. There are four of 
these washing towers containing trichlorethylene, 
10% nitric acid, 10% caustic potash and distilled 
water respectively and the mercury is dropped 
through each in that order. 
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The washing process is followed by a triple dis- 
tillation under vacuum in the system shown in 
Fig. 24. The height AB is 76 cm. so that when the 
system is evacuated by the rotary pump P, mercury 
rises in the limb T and flows into the first flask F1 
until the level in the reservoir R has fallen to A. 
All three flasks F1, F2, F3 are surrounded by electric 
heating mantles and mercury is distilled from Fl 
into F2, from F2 into F3 and from F3 through the 
lute L into the collecting bottle C. The reservoir R 
is topped up manually so that the flasks always con- 
tain some mercury. 


ROUTINE VACUUM TESTING 


Vacuum equipment manufactured in the Estab- 
lishment’s workshops is vacuum tested by the 
Engineering Services Section in conformity with an 
A.E.R.E. standard specification on the subject. This 
specification is based on a vacuum standard which 
experience has shown to be reasonable for general 
use. It states that (a) for vessels up to 1-litre capacity 
the isolation pressure rise rate measured in micron 
Hg per second multiplied by the volume of the 
vessel in litres shall not exceed 0.01 and (6) for 
vessels of 1-litre capacity and above, the isolation 
pressure rise rate shall not exceed 36 micron Hg 
per hour. 

Leak hunting is carried out by means of a com- 
mercially-built test system in which the leak-sensing 
element is a palladium ‘window’ ionisation gauge 
used in conjunction with hydrogen as the search 
gas'*, Vacuum testing is effected by isolating the 
pumps from the equipment under test and measuring 
the isolation pressure rise rate of the latter. 

Much of the standard A.E.R.E. vacuum equip- 
ment is made by outside manufacturers some of 
whom provide their own vacuum-testing facilities. 
Where this is not feasible, the Establishment has 
a mobile leak-hunting unit of the palladium ionisa- 
tion gauge type which can be transported to the 
job in hand. Surprisingly enough, the vacuum 
joints in this system have survived numerous lorry 
journeys. 
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CONCLUSIONS 


In addition to those discussed above, there are 
numerous other applications of vacuum technique 
which have not been described here, either because 
the vacuum systems are fairly conventional or 
because they are similar to others already men- 
tioned. Among these may be listed the Van de 
Graaff generators, the 110-inch. synchro-cyclotron 
and the neutron spectrometers. Radiation counters 
have to be evacuated prior to gas-filling, glove boxes 
are exhausted and filled with argon at slightly less 


than atmospheric pressure, radioactive gases are 
handled in vacuum apparatus!, etc. In fact, the 
hum—r clatter, depending on the manufacturer— 
of rotary vacuum pumps is almost universal at 
Harwell. 


In addition to the authors of A.E.R.E. reports 
given in the list of references, the writer is indebted 
to the following colleagues for helpful discussions : 
Messrs. K. F. Bainton, A. P. Banford, R. C. Burnett, 
R. N. Hall, H. J. Hedger and J. Williams. 
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International Congress on Vacuum Techniques 


The President of the Executive Committee is Prof. E. Thomas, c/o CSN/ERM, 30, Avenue de la Renaissance, 
Brussels 4, Belgium.—Applications for lectures are welcome. 


Vacuum Engineering Problems in Accelerators for Heavy 
Ions. 
Presented by: D. Fuchs. 


The Generation of Fast Ions in Canal-Ray Tubes. 
Presented by: H. Orth. 
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France 


The next JOURNEE DU VIDE organised by the Société 
Francaise des Ingenieurs et Techniciens du Vide, 
will take place in January, 1958, and will cover the 
following subjects : 


Theory and Engineering of Booster and Roots Pumps. 
Vacuum in Metallurgy. 
Vacuum in Chemical Engineering. 


Contributions are invited and authors are requested 
to communicate with the secretary of the S.F.I.T.V. 
44, Rue de Rennes, Paris VI. 
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United Kingdom 


The 42nd PuysicaL SocrETy EXHIBITION will be 
held, as in the current year, in the Old and New 
Halls of the Royal Horticultural Society, Westmin- 
ster, London, on 24th—27th March, 1958. Lectures 
will be provided as usual. 


Germany 


The ACHEMA 1958, z.e. the 12th Chemical Engineer- 
ing Exhibition and Congress organised by DECHEMA, 
will be held from 31st May—8th June, 1958, at 
Frankfurt-am-Main. There will be the usual series 
of lectures including vacuum subjects. 
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The General Principles and the Physics of a Good Vacuum 
France. The article, addressed to the chemical engineer, gives a brief exposé of the laws applicable to rarefied 
gases, based on the Kinetic theory, and, in its second part, discusses absorption of gases by the walls of an 
evacuated vessel and degassing of vacuum plant components in general. According to the Kinetic theory a gas 
consists of molecules, the composition and weight, etc., of which are solely governed by the chemical nature of 
the gas. Also, these molecules are in constant motion with a mean velocity which is a function of the temperature 
of the gas. If a gas is contained in a vessel, its molecules will hit the walls of the vessel and as a result their 
direction of motion will be altered. The degree of containment or pressure can therefore be expressed in terms 
of the change of kinetic energy of the gas molecules per second 


where m and v are the mass and the velocity of the molecule and v is the number of collisions per second per 
sq. cm. In terms of numbers of molecules per c.c., ~, and assuming random velocity distribution 


P= 


where mm is the gas density p which is inversely proportional to the volume of the gas. Further, in a given 
volume V, the total kinetic energy of the molecules is 


1 3 
mu? . nV g PV 


which is a function of the temperature T. From this can be deduced 

The velocities of the molecules are proportional to the square root of the temperature T and inversely pro- 
portional to the square root of the molecular mass. The mean velocities of the molecules of several gases are 
given in the table reproduced below. Not all molecules in a gas volume have the same velocity. The distribution 


Mean Molecular Velocity at 25°C. 


Gas Molecular Mass m/sec. 
Hydrogen 2 1,770 
Nitrogen 28 475 
Air 29 467 
Oxygen 32 442 
Mercury 200 177 


of the velocities is given by Maxwell’s law of velocity distribution. The density of the gas is expressed by » 
which is proportional to the pressure and inversely proportional to the temperature T. The density of air for 
various pressures and at a temperature of 25°C is given in Table 2 which is reproduced below. The magnitude 


Pressure. mm. Hq. Number |e.c. 
760 2.5 x 10! 
10°? (Rotary pump) 3.2 1014 
10-5 (Diffusion pump) 3.2 x 10% 


which is most important to the vacuum engineer is the mean free path of the molecules, i.e. the mean linear 
distance a molecule will travel before it collides with another molecule of the gas and in consequence suffers a 
redirection and assumes a different velocity. The mean free path depends on the density and on the dimensions 
of the molecules. The number of collisions a molecule suffers in a given volume is proportional to the dimensions 
of the molecule and to the density. If the speed of the molecule is known one can write 

1 


L= — 


2n o2n 


Replacing ” by P/KT, it can be seen that the mean free path is proportional to the temperature T and inversely 
proportional to the pressure and inversely proportional to the square of the molecular diameter. Table 3 
reproduced below gives the mean free path of various gases at atmospheric pressure and ambient temperature. 


Mean Free Path L at 25°C. and 760 mm. Hg. 


o = Diameter of a 

Gas Molecules. x em. L x 10° om. 
Hydrogen 2.75 12.2 
Air 3.74 6.7 
Mercury 5.1 3.5 
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2/1 


Article by 
A. 8. Darling 
Mech. World 
134, Nov. 1954 

507-510 


6/I 


Sommaire: Cet exposé comprend deux parties. La premiére est un rappel des lois des gaz parfaits découlant 


See Abstract No.: 2/II 


Automatic Tank Pump Down 
See Abstract No.: 21/II 


Mechanical Vacuum Pumps 


A high vacuum is defined as a degree of rarefaction where the mean free path is larger than the dimensions of 
the evacuated receptacle. At that pressure level it is assumed that there are no longer collisions between 
individual molecules of a gas. There are only collisions between molecules and the wall of the receptacle. 
Therefore each molecule behaves as if it were there by itself, and the conception of the gas present as a coherent 
material no longer applies. As a result phenomena such as gas diffusion, thermal conductivity and viscosity 
of the gas have changed their meaning fundamentally. At the same time all the phenomena connected with 
the properties of the wall of the receptacle assume considerable importance. The author proceeds to discuss 
viscosity, flow at low pressures, thermal conductivity and accommodation coefficient on similar lines. The 
second part of the article is essentially concerned with the specific properties of glass and metal as far as they 
are of interest to the vacuum engineer, adsorption and dissolution of gas in these materials and finally the 


mechanism of gettering. 


de l’application de la théorie cinetique des gaz. Dans la seconde, on examine l’absorption par les parois et le 
degazage. 


Improved Method of Evacuating Vessels 


See Abstract No.: 19/II 


Booster Pumps for High Vacuum Installations 


United Kingdom. Oil diffusion pumps are designed to have high pumping speeds in the range 10™° to 107° 
mm. Hg. Rotary pump efficiency drops rapidly below 10°! mm. Hg. Booster pumps bridge the gap, as their 
optimum speeds lie in the range 10-* to 10°! mm. Hg. Originally designed to back large diffusion pumps and 
thus to economise in the size of rotary backing pump required, they are now used by themselves in an increasing 
number of applications. Proper diffusion pumps need the provision of admittance areas of low impedance round 
the jets and a low jet density to facilitate their operation. High backing pressures can be obtained only at the 
sacrifice of low ultimate pressures. In booster pumps working at higher ultimate pressures, both these quantities 
are increased. As a result, high pressures are required in the boiler and the length of the pipes returning the 
condensed oil to the boiler must be adequate to ensure maintenance of the desired oil vapour pressure differen- 
tial across the jets. The boiler may therefore be designed as a separate unit and more care can be given to its 
thermal insulation than is possible with conventional diffusion pumps. Very high heat inputs, about three 
times that of a diffusion pump of equivalent capacity, are required. Considerable decomposition of the pump 
oil occurs even though large boiler surfaces are employed to avoid overheating of the pump fluid. This limits 
the ultimate pressure obtainable with booster pumps to about 1074 mm. Hg input. Special pump fluids have 
become available recently combining high decomposition resistance with low price. The backing pressures 
required by booster pumps are of the order of a few mm. Hg. Thus single-stage rotary pumps of relatively 
small dimensions may be used as fore pumps. Further, when a booster pump is inserted between a large 
diffusion and a rotary backing pump, the evacuation time of the vessel to be pumped is shortened appreciably. 
This is illustrated with reference to the speed curves of commercially available pumps. Booster pumps can 
play the part of mechanical pumps employed normally in many operations requiring pressures of not less than 
a few micron Hg but high pumping speeds. Mechanical pumps suitable for such applications are large, cumber- 
some and expensive to operate. The booster pump may be backed by a steam ejector when cheap steam is 
available, or by a single-stage gas ballast pump of moderate size if condensable vapours are pumped. The 
principle of gas ballast pumps is explained together with some details of their performance characteristics. 


Sommaire: Discussion sur l’emploi de la pompe booster; on donne des détails sur sa conception speciale et ses 
caractéristiques de fonctionement. 


Ionic Pumping Mechanism of Helium in an Ionisation Gauge 
See Abstract No.: 5/II 


Very High Vacua 
United Kingdom. A brief review is given of the most significant work carried out in the last decade on the 
production and measurement of very high vacua, 7.e. pressures of 10°§ mm. Hg and less. After commenting 
on earlier evidence that pressures lower than 10°? mm. Hg had been obtained, the author discusses the results 
of studies—essentially those of Alpert and his co-workers—on the mechanism of the ion gauge, aimed at ex- 
tending the range of the gauge by reduction of the soft x-ray effect, and its potential uses as a pump for the 
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attainment of ultra-high vacua. The highest vacua reached by Alpert in his experiments was 4 x 10° 
mm. Hg as measured with an improved form of ion gauge. This lower limit was found to be determined by the 
in-leakage of atmospheric helium. The sensitivity of the ion gauge with respect to various gases and vapours 
has been investigated by several workers and the results are shown in a table reproduced below. The quantity 
R in that table represents the ratio of the sensitivity of the gauge for the gas in question to that for nitrogen. 


R R 
Gas Dushman Wagener Gas Dushman Wagener 
and Young| and Johnson and Young | and Johnson 
1945 1951 


Hydrogen 0.47 0.53 Carbon Dioxide 1.37 
Helium 0.16 Water Vapour 0.89 
Neon 0.24 Oxygen 0.85 
Nitrogen i 1 Krypton 1.9 
Argon 1.19 Xenon 2.7 
Carbon Monoxide 1.07 Mercury 3.4 


The report continues with a description of various devices and instruments employed in high vacuum work 
such as the omegatron which facilitates the measurement of the effective partial pressure of the different 
components of residual atmospheres. Finally, the ionisation pump developed by Schwarz (see Abstracts 
No. I/IV & 85/II, Volume III) and the high speed ion pump designed by Foster, Lawrence and Lofgren (see 
Abstract No. 37/II Volume IV) are described. 


Sommaire: On passe en revue les résultats obtenus dans les travaux d’exploration du vide trés poussé; la jauge 
a ionisation d’Alpert, la pompe a ionisation de Schwarz et la plus récente pompe ionique sont mentionnées. 


Ultra High Vacua 

United States. The importance of ultra-high vacua (pressures below 10-8 mm. Hg) to the electronics industry 
is discussed. The pressure conditions within a thermionic valve have a vital effect on its performance quality 
and the length of its service life. For this reason a large part of the research activities in that industry aims at 
establishing means of producing and measuring very low pressures. Normally evacuation is effected with the 
help of a mercury diffusion pump unit fitted with a liquid air trap which can reduce the pressure in the system 
to ultimates below 10°§ mm. Hg. Appreciably lower pressures can only be obtained by the application of special 
pumping techniques. Up to 1916 the McLeod gauge was virtually the only pressure gauge in existence for 
measurement in the vacuum range and this gauge gives an accurate reading down to 10°§ mm. Hg only. At 
that time the ion gauge principle became known, which gauge facilitated accurate pressure readings down to 
10°° mm. Hg. The conditions governing the lower limit of the ion gauge were identified independently in the 
U.S.A. and in England as being due to the presence of soft x-rays. This led to the development of the Bayard 
and Alpert ionisation gauge which in effect represents the design of a conventional ion gauge ‘turned inside out’, 
and extends the range of accurate pressure reading down to 1071! mm. Hg, i.e. into the region of ultra-high vacua. 
In order to effect a further reduction of the pressure a good knowledge of the composition of the residual 
atmosphere is a great help. Studies of residual atmospheres indicate: (1) Gas is returned to the system as 
a result of backstreaming from the pump. This can be minimised by careful pump nozzle design. (2) Gas is 
adsorbed by the mercury which condenses in the trap and if the level of the surrounding liquid air recedes the 
adsorbed gas will be liberated and tend to return to the system. Remedial action: Careful control of the level 
of the liquid air in the trap. (3) Gas is liberated which is originally adsorbed on the surface, and dissolved 
in the body of the glass and metal components of the system. Remedial action: Baking of the system. (4) 
Components of atmospheric air permeate the envelope of the system. In an experiment with 30 thermionic valves 
the residual pressure in the sealed-off envelope rose by 2 x 10° mm. Hg for each hour of storage. A means of 
reducing the pressure to ultra-high vacuum values in an envelope is the gettering technique. By depositing a 
suitable metal film on the inner wall of the envelope, molecules of the residual atmosphere will be removed 
at a rate governed by the product of the rate at which they strike the deposit and the probability that they will 
stick. For instance, the sticking probability for nitrogen on a tungsten surface has been found to be 0.5—0.2. 
The characteristics of the gettering action can be utilised for the estimation of pressures below 10°!! mm. Hg. 
For instance, in the case of a tungsten surface employed as the gettering means a monatomic layer of nitrogen 
will form on the surface at 10° mm. Hg in the course of 1 second, or at 10-2 mm. Hg after a period of 10% seconds, 
the equivalent of 10 days. A getter deposit, however, will not remove rare gases like helium and argon. In 
order to pump rare gases down to significantly low partial pressures the pumping action of the ion gauge should 
be used. The article concludes with a brief account of the sequence of operations necessary to obtain ultra-high 
vacua in a system which is designed for the purpose. 


Sommaire: On discute l’importance du vide trés poussé dans l'industrie électronique; des détails sur les 
résultats practiques obtenus jusqu’a présent sont donnés. 


Article by 
F. A. Vick 
Sci. Progr. 
42, July 1954 
462-469 


3/I 


Article by 
J. A.*Becker 
Bell Lab. Rec. 
January 1955 

1-5 


Vacuum Technique and Equipment 


United Kingdom. Processing in a rarefied atmosphere has two distinct advantages: (a) The number of molecules 
per unit volume is reduced and consequently the mean free path of the molecules of the residual air is lengthened 


9/I 
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10/I 


Article by 
S. L. Martin 
Chem. Process 


Engng. 
October 1954 
301-305 


and (b) the boiling point of liquids is reduced. There are 10!® molecules in 1 c.c. of atmospheric air. If the pres- 
sure is reduced to one ten millionth of an atmosphere this number is reduced to 101? and the residual atmosphere 
at that pressure is chemically inert, e.g. there is no longer any risk of oxidation. The mean free path of a mole- 
cule at the reduced pressure mentioned is 50 cm. whereas in atmospheric air it is only 7 millionths of a centimetre. 
The essential components of a vacuum plant are described and shown in a sketch. The chemical inertness of a 
vacuum is made use of in metallurgy where metals must sometimes be heat-treated in conditions which eliminate 
all danger of chemical combination with, or absorption of, the constituents of atmospheric air. The removal 
of dissolved gases during melting and casting under vacuum results in products free from air pockets and allows 
for precision casting. Antibiotics, blood serum and many other organic substances can be dried under vacuum 
which enables the process to be carried out at a lower temperature than would be required at atmospheric 
pressure. Evaporation may even be carried out from the frozen state to aid the preservation of the material. 
The reduction of the boiling point at sub-atmospheric pressure facilitates distillation of heat-sensitive materials 
at comparatively low temperature and the increased length of mean free path assists in the separation of mater- 
ials with close boiling points. Coating and deposition of thin films is another large field of application. The high 
reflectivity of aluminium and its resistance to tarnish makes it a very suitable material for production of 
reflective surfaces. However, aluminium mirrors cannot be produced chemically but in an evacuated chamber 
the aluminium can be made to evaporate at lower temperatures than normal, to traverse a straight-line path in 
molecular dispersion to the surface to be covered and condense there in the form of a reflecting film. Vacuum 
evaporation techniques are not restricted to the deposition of metal films as is the case with electroplating, 
though the latter has the advantage of producing coatings of higher abrasion and wear resistance. 


Sommaire: Une revue génerale de l’importance des procédés employant le vide dans les différentes branches de 
l'industrie et de la biochimie. 


High Vacuum Technique 

West Indies. Recent progress of vacuum engineering is reviewed by quoting and discussing selected items 
considered by the author to be representative of developments as a whole. In the field of metallurgy reference 
is made to vacuum refining and in particular to the work by Davey (Tvans. A.1.M.E.5, 1953, 991) who compared 
the dezincing of desilverised lead by the batch process with that by the continuous process where a turbulently 
flowing falling-film is employed. With the help of published vapour pressure and free energy data Davey 
arrived at expressions for the residual zinc content in lead as a function of time under various operational con- 
ditions. In the case of the batch process operating at 600°C and 100 micron Hg with a distilland—condenser 
distance of 30 cm., the 0.56% zinc content in lead after desilveration is reduced to 0.05% zinc content in a 
period of 1,460 seconds. This theoretical time compares with 5 hours required for the process in practice, 
whereas in the case of the continuous process theoretical and practical times agree fairly well. This discrepancy 
is explained by the fact that distillation in the case of the batch process follows an upright path and liquid zinc 
resulting from pre-condensation suspected to occur in the process returns to the distilland, whereas in the case 
of the falling film process with a horizontal distillation path it falls onto the distillate. Reference is made to the 
relationship between pressure and free energy data. There are many cases in vacuum metallurgy where the 
application of vapour pressure as published in the literature, should be applied with caution, and the 
purity of the metal process must be taken into account. The vapour pressure of the metal over an alloy depends 
on the activity coefficient of the metal in the alloy. The value of the activity coefficient in question can be 
calculated from e.m.f. measurements. Good agreement has been found between vapour pressure data calculated 
with these coefficients and experimentally obtained values. By way of example a table is given showing the 
respective data for silver in silver-gold alloys at 1,000°C (see below). The design of large size vacuum chambers 


Atomic % Silver Estimated Activity Approximate Vapour Pressure 
Coefficient of Silver mm. Hg x 104 


100 
77.5 
62.0 
38.8 
19.5 


and the materials usefully to be employed in their construction are discussed with particular reference to the 
large proton synchrotron at Brookhaven, U.S.A. The vacuum chamber of this plant is rectangular in section 
(7 x 32 inch.) and forms a circle with a radius of 30 foot. It had to be constructed from non-ferro-magnetic 
materials which would withstand a pressure lower than 5 x 10°° mm. Hg. Ceramics were not strong enough 
and plastics outgassed excessively. The final design used stainless steel plates and a Myvaseal cover over the 
joints. This material has a lower vapour pressure and more elasticity than either Latex or Neoprene rubbers, 
and can be vulcanised at 165°C. Polythene is recommended where a substitute for glass or metal is required. 
It melts at 110°C and can be welded with a hot nitrogen jet. It is reliable down to pressures of 10-6 mm. Hg. 
There is evidence however that this material acts as a source of contaminants, excluding it from use in systems 
requiring exceptional cleanliness. The author proceeds with a discussion of recent work on ultra-high vacua. 
The information given is essentially the same as that reported in Abstracts 7/I and 8/I. 


Sommaire: Discussion sur certains développements de la technique du vide en particulier la distillation de 
métaux, de matériaux de construction pour des larges enceintes sous vide, et les progrés récents réalisés dans le 


domaine du vide poussé. 
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Production, Measurement and Maintenance of High Vacua in Electrical Engineering 
See Abstract No.: 26/II 


Gassing of Liquid Dielectrics Under Electrical Stress 

United States. Gaseous and other products, given off by oils when subjected to electrical stress, have been 
examined with a view to exploring the mechanism of the action of stabilisers added to the oil impregnants of 
electrical capacitors in order to improve service life and stability of the latter. The apparatus used in the 
experiments consisted of a gassing cell containing two parallel plate electrodes, an oil reservoir, two McLeod 
gauges for various pressure ranges, a sample flask for a mass spectrometer and a calibration flask. The system 
could be evacuated by means of a mercury diffusion pump unit. The oil used in the experiments was U.S.P. 
white mineral oil (Primol D). The oil, or oil plus stabiliser, in the reservoir was first heated to 100—110°C and 
degassed for half an hour before being forced through a capillary at a slow rate so that it flowed in the form of a 
thin sheet along the walls of the cell into the electrode compartment of the cell. When the electrodes were 
completely immersed by the oil, degassing was continued for about 16 hours at a pressure in the system of 
10-5 and 10° mm. Hg and the oil was allowed to cool down to room temperature. This degassing process was 
carried out to remove as much dissolved gas as possible prior to the actual experiment in order to eliminate 
effects due to the presence of oxygen, water or other volatile materials. On completion of the degassing process 
the pump was shut off and the voltage was raised to the desired value. The electrical stress in the actual test 
was 130 kV per centimetre on the oil. The tests were each of approximately 1-2 hours duration. The dielectric 
constant of the oil is 2.2. The pressure of the gas liberated during the test as a result of the decomposition of the 
oil was measured periodically and gas samples were analysed with a mass spectrometer in the infra-red and 
ultra-violet. A table, partly reproduced below, gives the mass spectrometric analysis of gases evolved in these 
tests. Plain oil was found to yield decomposition products ranging from low molecular weight gases to waxy 


Mass Spectrometric Analysis of Gases Evolved from Primol D Oil Under Electrical Stress 


Run Hydrocarbons Approx. 

No. Additive H, | CH, |C.H, | C.H,|C.H,| C; C4 Cs H,O co | CO, 

A-5 None 86.7 | 3.3 1.7 1.9 3.0 2.4 0.5 0.3 

A-16 | Diphenyl 88.8 | 3.57 | 1.59 | 1.20 | 1.94 | 0.87 | 0.64 | 0.23 0.38 0.63 | 0.15 

A-19 | Phenanthrene 88.3 | 3.70 | 1.65 | 1.388 | 2.04 | 1.15 | 0.71 | 0.26 0.32 0.36 | 0.09 

A-42 | 2-Tert-buty- 87.6 | 2.65 | 1.35 | 0.82 | 1.93 | 1.24 | 0.57 | 0.29 0.49 1.08 | 0.06 } 1.91 
lanthraquinone 


solids. The phenomena observed in the experiments were interpreted as follows: In spite of the vigorous 
degassing some nuclei of gas bubbles remain in the oil. The breakdown of these nuclei could give rise to ions 
which collide with the oil to produce free radical fragments. Any inhibitor present then reacts with these 
fragments (hydrogen atoms, methyl radicals, ethyl radicals) before they can unite or react to give gaseous 
products. This leads to the suggestion that free radicals added to the oil may capture the free radicals produced 
under electrical stress and such combination may result in a stable non-volatile product. This type of reaction 
was investigated by adding quantities of the triphenylmethyl radical and the « -napthyldiphenylmethy] radical 
to the oil. The free radical was produced in situ in the oil and the solution then transferred under a nitrogen 
atmosphere into the gassing cell. There, the oil containing the free radical was degassed as before except that it 
was not heated to such a high temperature. The free radicals caused a considerable decrease in gassing but 
they are not as suitable a stabiliser as the quinones which, in addition to their inhibiting effect, have the 
advantages of thermal stability, ease of handling and ready availability. Reduction of gassing is considered 
desirable in high-voltage oil-filled transformers and switchgear and the addition of stabilisers such as the 
quinones may also be advantageous in oil-impregnated cable. 


Sommaire: Le claquage d’huile minérale blanche soumise a une tension électrique a été étudié dans le but 
d’établir le mécanisme d'action de stabilisateurs ajoutés pendant l’impregnation de piéces électriques. 


Degassing of Vacuum Systems by Ionisation Bombardment 


United Kingdom. The degassing of components situated in a vacuum is usually carried out by heating, but 
when this is not practicable the technique of ionic bombardment can be used. This is carried out by creating 
a glow discharge between two electrodes situated in the partially evacuated work chamber (10u Hg of air or 
argon). Ionisation takes place and the resulting ions bombard surfaces in the vicinity of the discharge. The 
report describes experiments whereby different electrode configurations were used in a cylindrical bell jar with 
both a.c. and d.c. supplies of 5,000 V, 500 mA rating. With d.c., a number of electrode configurations were 
used with both positive and negative sides of the supply earthed in turn. Also a test was made with both elec- 
trodes at the same potential to earth and finally both electrodes were isolated from earth and held at 3,000 V 
with respect to one another. Similar experiments were carried out with a.c. where applicable, and, in addition, 
an earthed plate was used inside the circular electrodes and situated at about 1 inch from them. A final 
arrangement consisted of two pairs of electrodes screened as above and each pair supplied with a.c. Appraisal 
of results in terms of uniformity of discharge and absence of arcing showed that pairs of electrodes, insulated 
from earth, supplied with a.c. and used in conjunction with an earthed shield, were best. 


Sommaire: Description des expériences faites sur l’emploi des décharges a haute tension pour le dégazage de 
piéces dans un systéme a vide. 
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Electrical Clean-Up of Gases 
United States. The authors describe some experiments on the pumping of argon by molybdenum in a cylindrical 
triode valve consisting of an axial filament with surrounding accelerating grid and a coaxial molybdenum 
ion collector. The grid voltage was held at +150 V relative to the cathode and the grid-collector voltage 
was varied in order to vary the velocity with which the ions impinge on the collector. In the range below 
10° mm. Hg the ion current is proportional to the electron current thus 

at 
i.e. the rate of pressure decrease is proportional to the pressure #, 1/7 being the constant of proportionality. 
p = poe -tit being the solution, a plot of logep against ¢ should give a straight line. Practical measurements 
showed that the curve is not linear and that the pressure increases again as soon as the collecting potential is 
removed. This was attributed to re-emission of gas and the above equation was corrected to 


dp_p 


where C(t) is the re-emission factor. Defining pumping efficiency 7 as number of atoms removed per ion collected 
_ ang 


where vq is the total number of ions in the volume and »; the number of ions collected. Using the expressions 


where K and e have their usual significance and 7; is the collector current, 


e dp KVep 

Taking p as po, the pressure at time ¢ = o for which + may be obtained from the pressure—time curve, and ij 
as the ion current at ¢ = o, data is obtained (see below) and a graph is given plotting y against ion collector 
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V == 0.8 litre and temperature ~ 30°C 


potential. There appears to be a threshold voltage for pumping to take place. The ion trapping process described 
by 7 takes into account only those ions which are trapped long enough to be observed experimentally. There 
appears to be some short time re-emission not covered by the measurements, which, however, is significant only 
at low collection voltages. The curve shows a plateau at higher voltages. This plateau should occur for 7 = 1, 
i.e. every ion is trapped. However the curve has to be corrected for the contribution to i; due to secondary 
electrons liberated from the collector. Taking the ratio of secondary electrons to positive ions as 0.3 at 2,500 eV 
and 0.1 at 1,000 eV, the plateau observed at 2,000 volts would change to an increasing curve with re-emission still 
occurring. It is concluded that the re-emission process plays a major part in the pumping process limiting the 
amount of gas which can be cleaned up. 


Sommaire: Ona étudié le phénoméne du pompage des gas dans un appareil consistant en un tube triode ayant 
un collecteur d’ion en molybdéne et employant l’argon comme gaz a étudier. 


Improvement in Getters 

France. The provision of getters for micro-valves and other small units presents difficulties. Aluminium- 
barium alloys, for instance, are very brittle and getter units cannot be obtained in sufficiently small sizes by 
extrusion or rolling. Powdered getters in inert metal sleeves may become oxidised during the grinding process. 
The method described consists of inserting an active metal such as sodium, barium, tantalum, zirconium etc., 
together with another metal such as aluminium, nickel, cadium, etc., the presence of which has a favourable 
effect on the quality of the getter unit, in an inert malleable metal sleeve of iron, copper or chromium which is 
then pressed, extruded, or rolled to a suitable shape. Subsequently the unit is heated so that the inner metals 
form an alloy and the whole is then annealed at a temperature below the flashing point of the getter. Where 
the inactive alloying metal itself is malleable and not affected by contact with air, it can be used as the sleeve 
for the active metal, formed to its final shape and then closed in an outer sleeve and again worked if necessary. 
As before, heat treatment may follow to effect alloying. Non-metallic materials, e.g. oxides or hydrides, often 
added to getter units, can be treated in a similar fashion. The heat treatment is an important part of the process 
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as it is instrumental in bonding one or more of the metals to the inner wall of the inert sleeve. For instance, 
an aluminium layer may be welded to the iron unit or sleeve in this manner, separating the barium from the 
iron sleeve. Various applications of the method are quoted, e.g. a rod 5 mm. diameter and 250 cm. long is made 
by casting a 50-50 aluminium-barium alloy, and is inserted into an iron tube 6 mm. internal diameter and 9 mm. 
external diameter. The whole is then drawn down to a diameter of 2 mm. and subsequently heat-treated for a 
few minutes at about 1,070°C. 

Sommaire: Description d’une nouvelle méthode d’assemblage getter qui est trés pratique pour les fabricants 
de getter pour petites valves thermioniques. 


Improvements in Getter Containers and a Method of Manufacturing Such Containers 


Italy. A new type of getter container is described. Essentially the new containers have been designed to 
permit easy insertion in the vacuum valve, to facilitate predominant emission of the active vapour in a pre- 
determined direction and to be made of materials which combine good induction-heating properties with good 
resistance to corrosion by the getter material. In plan view the container is a closed shape such as a circle or 
rectangle. In cross section it is a split channel of U, V or other shape. It has been found that getter material 
can be kept in the cold state in a U- or V- section container, if it is pressed so that it adheres to the bottom 
of the container. One wall of the channel may be extended and/or sloped as desired so as to guide the getter- 
vapour in a predetermined direction. The container can be suspended in the vacuum tube on a thin wire. 
The high frequency current employed for flashing the getter is confined to the container so that special supports 
are not required. Layers of different metals can be used to form the walls of the container. For example, an 
iron container may carry an aluminium or nickel layer on the outside to facilitate induction-heating, and an 
inner layer of similar characteristics or of a metal which assists getter evaporation. The layers may be foils 
or can be applied by plating. Methods of producing such containers are described. After placing the getter 
material into the container, the latter is closed leaving a narrow gap so that the getter vapour can pass through 
it in the flashing operation. 

Sommaire: Description d’enveloppes de getter ayant une ouverture permettant aux vapeurs de s’échapper 
dans une direction prédéterminée quand le getter est vaporisé. 


Improvements i.o.r.t. Apparatus for Applying Getters to Leading In Wires of Electric Lamps and Similar 
Devices 

United Kingdom. The appratus described is suitable in cases where the getter is introduced into the article in the 
form of a paste, e.g. in electric (filament) lamp production. It works automatically and can operate in conjunction 
with the machine making the filament mounts. Two metal fingers notched at the end apply getter paste to the 
two separate leading-in wires of the mount of an electric lamp, offered up by the machine assembling the 
filament mounts. The fingers are attached to an arm which can swing horizontally between a supply of getter 
paste and the mount to be%treated. The getter paste is held in a reservoir positioned close to the finger mechanism 
and is kept constantly agitated. When the fingers have arrived above the reservoir a spoon lifts a quantity of 
paste vertically out of the pool for just the time necessary to wet the fingers. The arm then returns the fingers 
to the mount and a short upward movement carries the fingers over the required portion of the wires. In the 
past, brushes were used for this operation but the employment of fingers has the advantage that clogging of 
the brush with the paste is avoided. Further, the apparatus, as proposed, facilitates the deposition of a fixed 
amount of getter smoothly and evenly without requiring frequent cleaning. Finally, the paste can be applied 
to definite parts of the wires and spilling of the paste onto the filament is eliminated. 


Sommaire: Description d’une alimentation automatique employée la ou les getters sous forme de pate sont 
placés dans les différentes parties de la piéce devant étre pourvue de getter. 


Barium Getters in Carbon Monoxide 
United States. The ability of a getter material to adsorb gas is often determined by placing it in a closed system 
containing carbon monoxide—the gas predominantly evolved in many thermionic valves—at 10°° to 107? 
mm. Hg, and measuring the time required to reduce this pressure to a given lower figure. These conditions, 
however, are not identical to the normal operating conditions of a valve where gas is continuously evolved 
over a long period at a low pressure. A system more adequately representing operational conditions is described 
in the present article. Two ceramic leaks are provided, a fast leak joined to a litre flask of carbon monoxide at 
aboutatmospheric pressure anda slow leak joined to a litre flask containing carbon monoxide at a fractionof 1mm. 
Hg, measured by a Pirani gauge. These are connected in series via a manifold to a pumping unit. Joined to the 
manifold is an ionisation gauge head and a leak control device which is inserted in the passage to the getter 
testing vessel. An ionisation gauge head, operated at a small fraction of the normal current to minimise pumping 
effects, is connected to the test vessel. The two gauge heads communicate with a recording instrument. The 
fast leak consists of a ceramic cylinder immersed in mercury. By raising a plunger magnetically, the leve! of 
the mercury is lowered thus exposing the ceramic through which the gas diffuses. The slow leak is of similar 
design but has a tapered ceramic body. The leak control device has four apertures facilitating speeds of 10, 50, 
285 and 1,275 c.c./sec. to be obtained by covering 3, 2, 1 or none of the holes with a slider which is actuated 
from outside. The total quantity of gas absorbed by the getter during a run can be calculated by a formula 
given in the article. In operation the system is baked for several hours at 400°C and subsequently pumped 
down to about 10° mm. Hg. The getter is then flashed and gas is admitted at a pre-set rate through the four 
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apertures. As the getter pressure nears the manifold pressure, the apertures are blanked off, one by one. 
Groups of curves were obtained at 25°C and 150°C for a 5-mg. iron-clad barium getter. These curves show 
an initially constant gettering rate of about 300 c.c./sec./em?. dependent on pressure, and ranging from 0.1 
hour at 5-6 x 10° mm. Hg to 10 hours at 7.3 x 10°? mm. Hg. Modifications of experimental procedure gave 
results indicating that getter performance over an extended period of time does not follow any simple law. 


Sommaire: On donne des détails d’un appareil 4 essayer les getters dans leque les conditions de fonctionne- 
ment des valves sont simulées de trés pres. 


Deterioration of Oxide Cathodes by the Evolution of Gas from the Anode under Electron Bombardment 


Japan. Oxide-coated cathodes in thermionic valves are known to deteriorate for a variety of reasons. One 
important cause established in previous work is evaporation of cathode materials. This, it was found, could be 
largely remedied by reducing the running temperature of the cathode. However, it was noticed that such 
temperature reduction should not be excessive, otherwise poisoning from the gases present is even more pro- 
nounced. Thus, it appears that the running temperature of the cathode is largely governed by the general 
cleanliness of the valve, and in particular by that of the anode. It is the purpose of this paper to investigate 
gas evolution from the nickel anode of a valve under electron bombardment and its effects on the performance 
characteristics of the cathode. In his experiments the author established that, when running the anode at very 
high voltage and current, appreciable quantities of gas are released which are largely taken up by the cathode. 
This fact could be established by flashing the cathode after an experimental run. The lower the cathode 
temperature, the higher the emission decay. These conditions have been confirmed in life tests lasting approxi- 
mately 300 hours. Finally, the author proposes a simple method of detecting the degree of anode cleanliness 
by measuring the emission decay of the cathode operating at very low cathode temperatures. The properties of 
various materials such at titanium or titanium-clad iron have been investigated by this method with regard 
to their uses in anode construction. 


Sommaire: Ona étudié les conditions sous lesquelles des gaz sont dégazés par l’anode dans les valves thermioni- 
ques, et leurs effets sur l’altération du pouvoir émissif de la cathode. 


The Vacuum Obtainable in a Thermionic Valve and Its Measurement 


France. Too high a residual atmosphere or insufficient degassing of a thermionic valve will lead to ionisation 
phenomena which cause deficiencies in valve performance, such as: The electron current is erratic; the current- 
voltage characteristics deviate from the required values; bombardment by positive ions leads to the mechanical 
destruction of the emitting surface of the cathode. Poisoning phenomena are known to be a function of the com- 
position of the residual atmosphere, of the temperature of the cathode and of the voltage applied to the electro- 
des. There are reversible poisoning phenomena which clear up in the course of the operation of the valve 
but, if the emitting surface of the cathode is mechanically destroyed, the life of the valve is unduly shortened. 
It is imperative therefore to have a proper knowledge of the pressure of the residual atmosphere in the valve, 
if engaged in work aiming at long operational life of the valve. The conventional method of determining the 
pressure consists of the measurement of the ion current produced by electron emission. The value of the ion 
current is a function of the amount of residual gases present in the valve. However, at very low pressure of 
the residual atmosphere, this method fails as the ion current is too small and readings are liable to be incorrect 
as a result of the influence of stray currents, such as currents emitted by the grid. The author describes a method 
which overcomes these difficulties. It is based on a device developed by Herold of the Radio Corporation of 
America. An a.c. voltage of low frequency is applied to the first grid of a multi-electrode valve to modulate 
the ion current, and only the current in the correct phase relationship to the modulating voltage is measured. 
Details of the arrangement and the calibration method employed are given. The latter is carried out with the 
help of an Alpert-type of gauge. This method of pressure measurement has been applied to pressure determination 
in a number of valves with the following results: Sub-miniature valves in good condition have been found to 
have a residual pressure of less than 5 x 10°° mm. Hg. Miniature valves have a residual pressure between 
10-8 and 10° mm. Hg. These results agree reasonably well with values published by other workers such as 
Wagener, Alpert and Metson. 


Sommaire: On donne des détails sur une nouvelle méthode facikitant la mesure de trés basses pressions dans 
des valves thermioniques fermées. 


A Demountable Vacuum System for Secondary Emission Studies 


United Kingdom. It was recognised at the commencement of a series of secondary emission measurements, that 
the use of targets in sealed-off tubes would be troublesome and that it would be advantageous from the point of 
view of speed, flexibility and cheapness to use a demountable vacuum system facilitating an exchange of target. 
There was, however, a large difference between the secondary emission obtained from a target in a sealed-off 
tube which had been baked, eddy-current heated and gettered, and the secondary emission of a degassed target 
in a demountable glass system with O-ring joints, which was connected to a glass mercury pump and liquid 
air trap giving an ultimate pressure of 5 x 10°° mm. Hg. This difference was believed to be due to severe 
contamination of the target surface caused by obnoxious vapours originating from the four O-rings and eight 
vacuum terminals incorporated in the demountable system since the latter could not be baked or eddy-current 
heated. Accordingly, it was decided to construct a demountable system free from electron bombardment 
contamination. A considerable improvement was achieved in a system where all the terminals and all but one 
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of the O-rings had been eliminated. This remaining Neoprene O-ring was required in order to seal the flange of a 
vertical tube permanently joined to the mercury diffusion pump and the flange of a removable pinch which 
carried the target and electrodes and provided a mounting for the gun, The target and electrodes were eddy- 
current heated and the system was lightly torched. The operating pressure was 10°* mm. Hg. A final modi- 
fication to this system removing the last O-ring resulted in complete freedom from contamination. In order to 
achieve this, the demountable flanges were thickened to about 6 mm. then ground and polished to the finish 
of a low-quality optical flat. The dust-free flanges were then assembled and the pinch was rotated under vacuum 
until the best mating position was indicated by the vacuum gauge connected to the system. A pressure in the 
region of 10°* mm. Hg was readily obtained, before baking the system above the liquid air trap in an oven at 
400°C. After baking, a trough surrounding the flanged joint was filled with mercury and the pressure in the 
system dropped to less than 10°* mm. Hg within a few minutes. The system described may be of advantage 


in other fields. 
Sommaire: L’étude de l’émission secondaire provenant de cibles était auparavant faite dans des tubes fermés. 
Un systéme démontable vient d’étre développé, et bien qu’assurant les mémes conditions de vide, présente 
l’avantage de pouvoir échanger les cibles. 


A Linear Accelerator for X-Ray Therapy 
United Kingdom. Details are given of the linear accelerator in use for x-ray treatment in the Megavolt Treat- 
ment Unit at Newcastle-upon-Tyne since 1953. X-ray radiation is employed medically for stopping the 
growth of cancer or similar tumours. The actual mechanism by which the growth of the tumour is retarded 
is believed to be due to the production of ion pairs in the tissue resulting from absorption of the x-rays. It 
is important that only the diseased part of the tissue is exposed to radiation and not the healthy part. While 
it is not possible to achieve this completely one can minimise the dose to the healthy tissue by employing 
radiation of sufficiently high energy. The higher the energy employed, the greater is the depth from the 
point of entry into the body at which a maximum degree of ionisation as described above occurs. For the 
treatment of deep-seated tumours, therefore, it is necessary to employ high energies and 4 MeV is generally 
accepted in medical circles as the most convenient rating for such machines. The following types of machines are 
available: The Van de Graaff machine, betatrons and synchrotrons and the travelling-wave linear accelerator. 
The first is a practical proposition only for energies not exceeding 2 MeV because of insulation difficulties 
at high energies. The second is bulky in construction and some of the problems such as carrying a high beam 
current are not yet solved in this type of machine. The third is the travelling-wave linear accelerator des- 
cribed here in detail. This type of plant has decided advantages, e.g. the machine rather that the patient 
can be moved into the position required for treatment. In the particular case of a 4 MeV machine, electrons 
at 46 kV are injected into a tapered corrugated waveguide, and r.f. power at 3,000 Mc/sec. travels in step 
with the electrons and accelerates them. A feedback system extracts r.f. power at the end of the guide and 
returns it to the input, and a magnetic field provides focusing. The accelerator is mounted on an inverted-U 
gantry, (7ft. 6 inch. high, 13ft. 6 inch. wide), and the electron gun guide, and x-ray head are mounted verti- 
cally in the centre, ancillary apparatus being in positions along the top beam. The gantry can be rotated about 
an axis 3ft. 6 inch. above the floor. Evacuation of the accelerator envelope including the waveguide system 
is effected by a 6-inch. oil diffusion pump through a long pipe along the gantry top, connecting to the dif- 
fusion pump which remains in a vertical position for all gantry angles. This requires a rotating joint which 
is 8 inch. in internal diameter and uses two 10-inch. diameter ‘hat packings’ as seals. Gantry rotation is 
designed to ensure that the patient is automatically at the correct distance, and the x-ray head has adjustable 
devices for defining the irradiation area and dose rates. The target is a 2 mm. thick platinum disc with an 
effective diameter of 5 mm. which gives a maximum area of irradiation of 26 cm. diam. at 1 m. distance. At 
the same distance the dose rate is about 250 roentgen per minute at a pulse repetition rate of 400/sec. This 
is reduced by a factor of two when a filter is introduced to make the irradiation more uniform. 


Sommaire: On donne des détails sur le fonctionnement et la construction d’un accélerateur linéaire 4 onde 
progressive employé dans la thérapie des rayons-X a ‘The Megavolt Treatment Unit’, Newcastle-upon-Tyne. 


Molecular Distillation—Its Theory and Uses 

Canada. Molecular distillation has developed during the past fifteen years from a laboratory to an industrial 
process. It is the only process by which compounds in the range of molecular weights from 200 to 1,200 can be 
distilled without decomposition. The condenser is brought within the shortest mean free path likely to be 
encountered at operating temperature and pressure of the evaporating surface and the pressure is kept as low 
as possible to allow distillation to proceed at low temperatures. As evaporation takes place only from the surface 
of the distilland and the high molecular weight liquids are viscous, it is important to keep a certain amount 
of distilland in the still-pot to prevent overheating. This was not fully appreciated in early molecular pot-stills 
and decomposition hazards were high. The thin film also aids degassing of the distilland. Falling-film stills, 
in which the distilland flows from a heated reservoir above the evaporator over a vertical or sloping hot surface, 
are a limited success as the film tends to break up into rivulets, but multiple stills, operating on this principle 
with a fractionating power of more than 1 theoretical plate, are in frequent use. Centrifugal stills, where the 
distilland is spread over the evaporating surface by centrifugal force overcome this difficulty more effectively. 
Rotor speeds in practical use are 1,000-3,000 r.p.m. Rotor surfaces have a diameter of 5 inch. to 5 ft. and rate 
of feed varies from 100 c.c./min. to 100 gal./min. Recently micromolecular stills have been developed, in which 
milligram quantities of a distilland are heated in a pot-type still and continuously weighed to permit determi- 
nations of the molecular weight distribution of the sample. The results and procedure for analytical molecular 
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distillation are given. In this process the distillation properties of a mixture are examined before any large- 
scale work is undertaken. The results are presented by expressing the amount of distillate in each fraction 
as a percentage of the total and by determining graphically the temperature at which the greatest percentage is 
obtained. This temperature is called ‘elimination maximum’ (E.M.). The application of molecular distillation 
to the analysis of whale oil for vitamin A is described. 


Sommaire: Une revue générale sur les appareils et méthodes employés dans la distillation moléculaire. 


Application of Vacuum in Drying Technique 


Germany. The boiling point of water can be lowered by reducing the pressure of the surrounding air until at 
4.58 mm. Hg, for instance, the boiling point is 0°C and the water solidifies as ice. Thus in a vacuum, moisture 
can be evaporated from materials at considerably lower temperatures. This is of special advantage in the case 
of heat-sensitive materials as it is known that the rate of many decomposition processes increases by 10% for 
every degree of temperature rise. During drying, the water molecules travel through the pores of the processed 
material. At atmospheric pressure, if the pores are wide, say more than 10 yu, the vapour flow will be viscous 
and can be speeded up by heating. It can also be accelerated by reducing the pressure. If the pores are narrow, 
less than 0.01 p, the flow is molecular and independent of the partial pressure of the air so that, in principle, 
only heating will speed up the drying process. Heat can be applied by contact, by convection or by radiation. 
The amount of heat which can be supplied to the vacuum-dried material, in order to obtain a low residual 
moisture content, is critical where the pore diameter of the material is very small, below 20 uu. Hygroscopic 
material in particular is known to have a large percentage of pores of such small diameter. It has been found 
that in small pores of the diameter mentioned the vapour pressure above the liquid is lower than that above a 
large surface of the same liquid at the same air pressure. Where it is impracticable, because of the danger of 
decomposition, to increase the heat supply accordingly, the pressure has to be reduced still further or, alterna- 
tively, air is bled into the drying chamber so that the partial pressure of the water vapour is reduced with respect 
to the total pressure in the chamber. By way of example the author quotes the vacuum drying of electrical 
condenser paper. Operating at 80°C and 10 mm. Hg the residual moisture content cannot be reduced below 
0.5%. Increase of temperature is not practicable but reduction of the pressure to about 1 mm. Hg would make 
it possible to reduce the moisture to 0.1%. However, apart from drying, degassing of the paper is an important 
requirement. High voltage condensers are therefore finally dried at 10° and 10-4 mm. Hg and 100°C followed by 
impregnation with oil or Clophen. By this means satisfactory dielectric properties are obtained. Finally the 
author mentions an intermittent process of vacuum drying. This process is applicable in cases where during 
drying the material shrinks unevenly, 7.e. more rapidly in the outer layers than in the bulk of the material. 
The procedure is as follows: Hot air saturated with water vapour is passed over the processed material heating 
up the latter but preventing any drying effect. Subsequently the container holding the material is evacuated 
but no heat is supplied to the material during that period. In order to be effective the cycle has to be repeated 
several times. This method is designed to assist essentially during the primary drying period but it has also 
been found to be of advantage when applied to the secondary drying period when drying is carried out at lower 
pressures. 


Sommaire: On étudie les conditions physiques fondamentales de la séchage de substances sensibles a la chaleur. 


Water Extraction Methods 


United Kingdom. The article deals essentially with mechanical methods of water extraction such as applied 
in the paper-making industry. Such methods have to be supported by other methods involving the application 
of heat where a properly dried solid is required, as mechanical methods normally do not achieve more than 
80% of the drying required. The particular forms of mechanical water extractors discussed in this article are 
separators, centrifuges, central aspiration plant, and water-ring pumps. These may be employed individually 
or in combinations. The working principle of the water-ring pump is described. It is particularly suitable for 
use in the paper and textile industry because it can handle air and water simultaneously. The action is 
based on centrifugal displacement of liquid produced by a multi-blade rotor revolving at high speed in an ellip- 
tical casing. A ring of liquid which follows the contours of the casing alternately pulls air in through one port 
and forces it out through another. A single-stage pump will maintain vacua of about 27 inch. Hg and a two- 
stage pump vacua of about 29 inch. Hg. Typical performance curves are shown in a graph. There is a recent 
trend when applying water-ring pumps in connection with wet paper web pressure roll installations to provide 
for the separation of the air from the water in front of the pump in order to increase its efficiency, which was 
restricted in the past by the handling of the two media together. 


Sommaire: Revue générale des moyens mécaniques disponibles pour l’extraction de l’eau dans les papeteries 
et les industries du textile. On décrit les principes de travail de la pompe a anneau liquide. 


Transport of Gases and Vapours Through Paper 
See Abstract No.: 17/IV 


Freeze Drying 
See Abstract No.: 155/I 
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Strangers Within the Body 
United Kingdom. Parallel to the development of practical surgical methods for the transplantation of material 
from one living body to another a theoretical study of the principles involved in the success or failure of these 
operations has been undertaken and has yielded some results. Blood transfusion, attempted since the early 
seventeenth century, was unsuccessful until it was realised that the donor blood must come from the same 
species and blood group as the recipient and that it must be treated to prevent clotting and be free from 
bacterial contamination. Small differences in the red blood cells of the donor and recipient make little differ- 
ence, but when tissue transplantation is attempted, only material from the patient himself is accepted by the 
body. This rule has several notable exceptions. Identical twins, dissimilar cattle twins and cases of agamma- 
globulinaemia are capable of receiving, in the case of twins, grafts from each other, and in the last case, grafts 
from anybody. This indicates that antibody formation is responsible for foreign tissues being rejected. Suf- 
ferers from agammaglobulinaemia are unable to produce antibodies. Identical twins would have cells and com- 
plex molecules identical in significant details and the cattle twins are extensively connected by blood vessels 
in the uterus, suggesting that if foreign cells and substances are introduced into the embryo they will be accepted 
and not produce antibody response subsequently. Two classes of material can be transplanted between different 
individuals: Corneas, as normally no blood vessels penetrate across the eye to the cornea, so the body does not 
notice what has happened, and artery and bone grafts, where the emphasis lies in the transplantation, not of 
living cells, but of a dead and inert fibrous skeleton for the recipient body to build around. Certain specialised 
cells, such as those that produce hormones, appear to be identical from person to person. Theoretically it should 
be possible to transplant these, but all attempts have failed so far, since the unindividualised cells have not 
been obtained free from adjacent individualised cells. In this connection, tests being carried out with Cortisone, 
which reduces the reactions, are of interest. Vaccines produced in nervous tissue suspensions have occasionally 
given trouble, as the antibody produced against the foreign nervous tissue has had an adverse effect on the 
patient’s own. This is the reason why vaccination against poliomyelitis could not be developed successfully 
for so long. Owing to the extreme complexity of phenomena involved in transplantation and immunity it 
seems impossible to describe adequately their nature and interactions in terms of chemistry and physics. 
Therefore biologists are beginning to think in terms of modern communications theory in an effort to express 
functional patterns of the living organisms, whereby the interaction of cell systems is conceived as representing 
a multitude of ‘chains of command’ governing the functions of the body. 


Sommaive: Une revue des connaissances actuelles sur les effets médicaux des techniques modernes de greffe 
et transfusion du sang. 


Freeze Drying of Acidified Milk 
See Abstract No.: 24/IV 


Thermal Expansion of Coal 
See Abstract No.: 159/III 


Vacuum Flotation for Coal Fines 
See Abstract No.: 160/III 


European Vacuum Melting History and Practice 
See Abstract No.: 180/I 


Promises and Problems Posed by Vacuum Melting 
See Abstract No.: 179/I 


Bright Future Predicted for Vacuum Melted Metals in Chemical Industry 


United States. The essentially inclusion-free surfaces produced by vacuum melting metals give properties 
which are very desirable in chemical engineering. This is illustrated by three examples. Products synthesised 
at high pressures—up to 30,000 p.s.i.—require containers having high transverse endurance limits. Compressor 
cylinders, for instance, are expensive (up to $1,000 worth of material alone) and are in continuous operation. 
Thus replacement involves loss of production as well as the cost of new equipment. The transverse endurance 
limit of standard aircraft quality AISI 4340 steels is only 65% of the longitudinal limit, i.e. 0—83,000 p.s.i. at 
a hardness of 28—29 Rc. Failure starts at non-metallic inclusions in the material and if these are removed by 
vacuum melting the transverse limit is raised to 90% of the longitudinal, 7.e. 0O—120,000 p.s.i. at the above 
hardness. Secondly, wheels for film casting require a very high surface finish and this cannot be achieved with 
steels containing non-metallic or gas inclusions. The application of vacuum melted steels, when they can be 
produced in 40-inch diameter forgings, may result in the manufacture of thinner films being possible. Pit 
corrosion can also start on non-metallic inclusions, although there are other causes. Vacuum melting may there- 
fore improve corrosion resistance. How great this improvement would be is unknown at present. Other methods 
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such as the use of an appropriate scavenger coupled with proper processing control might be able to produce 
similar improvements in metals more economically. 

Sommaire: On démontre au moyen de trois examples l’importance pour les techniciens chimistes des métaux 
fondus sous vide. 


Hysteresis of the Angle of Contact of Mercury Against Steel 
United Kingdom. The angle of contact between a liquid and a solid depends upon their relative motion, this 
effect being known as hysteresis. The work described was undertaken to investigate the causes of the hysteresis 
of the angle of contact of mercury with steel. It has been suggested that gas adsorption or atmospheric con- 
tamination has been a cause. Experiments were therefore carried out im vacuo, in carbon dioxide, in hydrogen 
and in atmosphere. The angles of contact were measured by Yarnold’s method, in which the upthrust and the 
depth of immersion is measured by a travelling microscope. The system could be evacuated by a rotary 
pump and connections were made to a McLeod gauge and gas inlet valves. Standard 1-inch steel balls were 
used in the measurements. They were thoroughly cleaned before use and mercury was vacuum-distilled to 
purify it. The system was outgassed by heating to 500°C using a small furnace, and it was then assumed that 
the steel ball was free of all but adsorbed mercury vapour. Comparison between the experiments in vacuo 
and in air showed that a large proportion of the hysteresis usually observed is due to gas occlusion. Experiments 
with other gases showed that hysteresis is more pronounced in carbon dioxide than in hydrogen. No significant 
variation with pressure could be found. The results were also found to be independent of the relative speed 
of advancement or recession when this was changed by a factor of two. It was found that surface roughness 
has some effect on the values of the angle of contact but not on the magnitude of the hysteresis. The values 
of the advance were fairly consistent over a wide range of conditions. 

Sommaire: Rapport sur des résultats d’une étude de l’effet d’hystérésie de l’angle de contact du mercure avec 


l’acier. 


An Instrument for Leak Detection and Pressure Measurement in High Vacuum Systems 
See Abstract No.: 123/II 


A Differential Leak Detector for Evacuated Vessels 
See Abstract No.: 124/II 


Method of, and Apparatus for, Detecting Leaks 
United Kingdom. Leak detection by immersing an assembly to be tested for gas tightness in a water bath 
and observing the formation of bubbles when the inside of the assembly is pressurised, is often inconvenient. 
The assemblies have subsequently to be dried and it may have been undesirable to wet them in the first place. 
A method is described which overcomes this difficulty. The component to be tested is mounted on a flange 
which forms part of a vessel partly filled with water. The assembly is then filled, under pressure, by air which 
passes into the test vessel through a tube dipping below the surface of the water. The air supply pressure is 
stabilised and, if the component in question is gas-tight, air ceases to flow when a pressure balance is obtained. 
If, however, the component leaks, a steady stream of bubbles issues from the submerged end of the air supply 


tube. 
Sommaire: Description de la méthode modifiée de recherche des fuites par bulles d’air, dans laquelle les piéces & 
essayer ne sont pas mouillées. 


Sure Way to Test Condenser Tubes 
United States. A novel method of leak testing tubular heat exchange equipment is described. By way of 
example, details of the method are given in connection with the leak testing of bayonet-tube type condensers. 
The condenser was dismantled so that the open ends of the outer bayonet-tubes were exposed. The shell was 
evacuated and a small U-tube manometer filled with water was fitted to the open end of the bayonet-tube by 
means of a rubber stopper. Due to the slight compression of air in the tube when the manometer is fitted a 
leak-tight tube will be indicated by a small positive pressure differential. Conversely, a negative differential 
will show if the tube leaks. The method facilitates the complete check of a condenser containing 75 tubes in 
about half an hour. The new method is claimed to be superior to the conventional procedure employing water 
for the test. 

Sommaire: Description d’une méthode simple de recherche des fuites dans des tubes avec un équipment 
tubulaire échangeur de chaleur. 


Diffusion of Gases Through Metals I. Diffusion of Hydrogen Through Palladium 


United States. The permeability of palladium to hydrogen has proved useful when purifying the gas or separa- 
ting it from other gases but the rate of diffusion is known to show large variations. The purpose of this investi- 
gation was to find an explanation for these variations and to determine the maximum permeability at tem- 
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peratures where the palladium is in its most active state. In the first part of the report the conditions are 
investigated theoretically. In the second, details are given of the experimental method employed and the results 
obtained. The palladium to be tested was fitted in the form of a disc, of about 1.3 cm. area, to a stainless 
steel holder in the manner shown in a sketch. The hydrogen fed into the holder passed through the disc and 
entered a glass envelope which was connected through a liquid nitrogen trap to a McLeod gauge. The glass 
envelope enclosing the holder was inserted in a furnace. In the pumping line beyond the gauge was a constric- 
tion, the pressure on the far side of which was kept at a negligible value by a high-speed oil diffusion pump 
unit. Means for calibrating the constriction were provided. Permeation rates were determined by measuring 
the pressure drop across the constriction. The temperature of the palladium varied from 200-700°C. The 
results are given in a table, partly reproduced below, where A = area of disc, / = thickness of disc, Jo = rate 


Specific Permeability and Diffusion Constant 


Jo X 105, c.c. (NTP) | (sec.) (cm. Hg) 1/* (em.) 
Foil No. A. cm?. lem. 

300°C 400°C | 500°C 700°C 
1.30 0.0729 7.40 11.78 | 17.73 24.4 | 32.3 

7 1.29 0.0262 7.10 11.17 16.19 22.3 

D x 105, cm?/sec. 

5 3.18 6.55 11.55 17.6 24.7 

7 3.05 6.21 | 10.54 16.0 


of diffusion and D = diffusion constant. By permitting the hydrogen to flow continuously through the foil 
until the state of maximum permeability had been reached, reproducible results could be obtained which indi- 
cated proportionality with the square root of the pressure down to less than 0.01 mm. Hg and inverse pro- 
portionality with the thickness of the foil used. The entropy of activation calculated by the method of Zener 
agrees with the theoretical value of + 0.55 cal.deg.-! only if it is assumed that the dissolved particles occupy 
the tetrahedral interstitial positions rather than the octahedral positions. 

Sommaire: On a déterminé la perméabilité maxima a l’hydrogéne de palladium pur a 99.9%, ceci entre 200° a 
700°C avec des disques de palladium de différentes épaisseurs. 


Diffusion of Gases Through Metals II. Diffusion of Hydrogen Through Poisoned Palladium 


United States. The effect of temperature, pressure, and prior treatment on the permeability of palladium to 
hydrogen was studied. Treatment with oxygen and hydrogen increased the permeability, while exposure to 
organic compounds greatly decreased the permeability. The permeability of palladium was proportional to the 
square root of the pressure when clean and to the first power of the pressure when poisoned. The activation 
energy for the permeability of poisoned palladium was not constant; values ranging between 4 and 10 kcal. 
per mole were obtained. Electrical resistance measurements of the palladium during diffusion showed the 
poisoning to be a surface effect, and hydrogen concentrations at the front and back surfaces were calculated. 
Measurements of rates of absorption of hydrogen by palladium at room temperature after various treatments 
showed that the large variations in rate were probably caused by surface poisoning also. The chief contaminant 
responsible for poisoning appears to be hydrocarbons. The permeability at 400°C as a function of pressure, 
degree of poisoning, and direction of diffusion was calculated by assuming that the impurity atoms occupy 
some of the adsorption sites on the palladium and block the adsorption of hydrogen on these sites. The cal- 
culated permeability-pressure relationship is similar to the observed relationship. 


(Author) 


Sommaire: On a étudié sous différentes conditions l’effet d’empoisonnement du palladium a sa perméabilité a 
Vhydrogéne. 


The Adsorption of Gases on a Germanium Surface 
See Abstract No.: 134/I 


Vacuum Depositing Thin Films 
France. Vacuum engineering aspects of the evaporation technique applied to the deposition of thin films are 
surveyed. In the introduction brief reference is made to the necessity of obtaining clean substrates prior to 
deposition of the film and this is followed by remarks on the theoretical determination of the uniformity 
and thickness of a deposit as a function of the type of evaporation source employed. It is essential that the 
evaporated vapour molecules travel in straight lines to the substrate. Therefore the mean free path of the 
residual gas should be about 10 times that of the linear dimensions of the work chamber. At 10“ mm. Hg 
the mean free path is 70 cm. and 63% of evaporated molecules will have one collision on their way to a target 
at this distance; at 10° mm. Hg, however, only 9% of the vapour molecules will collide with the residual gas on 
the way. Under high vacuum conditions, according to the Kinetic theory of gases, the mass of the evaporated 


molecules hitting the substrate can be stated to be 


G = Am = 8.83 .10°° (gr/cm? xX sec.) 
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where A is the number of atoms arriving per square centimetre per second, p is the pressure of the vapour, 
m is the mass of a molecule, M is the grammolecular weight, and T the temperature of the vapour. In the 
case where the vapour issues from a point source the thickness of the deposit on the spot where the perpendicular 
from the vapour source passes through the substrate is given as 


(cm. sec) 

where o¢ is the density of the material deposited and y is the distance from the vapour source, At a point at 
the distance 7a from the vapour source, 7.e. on a line formed by an angle 8 with the perpendicular at the vapour 
source the thickness of the deposit is given by 


Dg = cos 8 (cm./sec) 


Similar formulae are given for the conditions resulting from the use of vapour sources of different shapes. A 
coating plant essentially consists of a work chamber, a pumping unit, a valving system and electrical supply 
circuitry. There are vertical and horizontal work chambers. They are of Pyrex glass or metal, their dimensions 
if positioned vertically vary from 30 1. volume to 200 1. volume and their diameters may reach 3 m. Horizontal 
working chambers reach dimensions up to 6,000 1. Details of electrode design are discussed. The use of Araldite 
for vacuum seals is mentioned. The most popular metal used in evaporation is aluminium. It satisfactorily 
wets the tungsten filament normally employed as an evaporation source. Other metals which do not have this 
property, e.g. platinum, are applied to the tungsten filament by a plating process, notably the process developed 
by Dalic, details of which are given. The various designs of evaporation source commonly in use are described, 
in particular the Philips type which is of a similar design to the L-cathode developed by the same company. 
The paper concludes with remarks on the adhesion properties of vacuum evaporated films, the density of the 
deposit and certain optical properties of such films. 


Sommaire: Une revue générale des techniques d’évaporation sous vide appliquées au dépdt de couches minces. 


Evaporated Films—New Use? 

United Kingdom. It is proposed to use plastic sheet coated on the outside with an evaporated film of aluminium 
in place of aluminium (or other light-reflecting) paint as an envelope for tanks intended to hold petrol or other 
volatile substances. The back of the sheet may be self-adhesive and the sheet could then be applied like 
wall-paper, providing efficient protection against evaporation. 

Sommaire: Afin de réduire l’évaporation de l’éssence on propose de mettre des enveloppes de plastique recou- 
vertes a l’extérieur d’une couche mince d’aluminium, autour des réservoirs de transport. 


High Vacuum Metallising and Toy Manufacture 


United Kingdom. The manufacture of toys offers large scope for the use of vacuum metallising. Cheap materials, 
even scrap plastics can be used, the finish produced by vacuum metallising giving the illusion of metallic solidity. 
Coating by evaporation in a vacuum has a number of inherent advantages over other coating processes such as 
electroplating and chemical reduction, and these are enumerated in a table reproduced below. It is simple 


Chemical Reduction 


Electroplating 


Vacuum Coating 


Possible to produce any 
desired thickness. 


More enduring finish. 


Bulk plating without work- 
holders possible for other 
than first-class finishes. 


Work, if not metallic, must 
be made conducting. 


Special provision required 
for handling and working 
with corrosive or obnoxious 
chemicals. 


The range of materials 
which can be plated is limi- 
ted and certain materials 
essential for good plating 
are often in short supply 
and increasingly expensive. 


Film thickness limited. 


Practically any metal can 
be deposited; aluminium 
which offers the widest 
possible uses is inexpensive. 


A clean and dry process; no 
acids or other solutions. 


No expensive buffing opera- 
tions. 


Work once placed on a 
workholder is stage trans- 
ferred without handling. 


Once set up, the plant can be 
operated by semi-skilled 
labour. 


Any work, conductive or 
otherwise, may be coated. 


Endurance of the metallisa- 
tion generally limited to the 
life of the protective lacquer. 


Useful for metallising in- 
teriors difficult to do other- 
wise. 


Special provision required 
for handling and working 
with corrosive or obnoxious 
chemicals. 


Rigid control of method and 
temperature required if los- 
ses are not to be prohibitive. 


Essentially limited to silver 
which is readily tarnishable 
even when lacquer-protected. 


Patchy and non-uniform on 
certain plastics. 


Critically dependent upon 
surface cleanliness. 
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in operation, semi-automatic and can be applied to any base. The coating thickness is not critical in decorative 
work, and an aluminium film of less than 3 millionths of an inch is sufficient to thoroughly obscure the base 
material. As vacuum deposited films faithfully reproduce surface conditions it is necessary, where a mirror 
finish is required, to first lacquer the base. The lacquer coat also serves to seal-in occluded gases. A top coat 
provides protection for the metal film. The choice of a suitable lacquer, together with the provision of adequate 
pumps, determines the production time for metallising. For plastic work vacuum metallising is without rival. The 
processor must decide from economic considerations whether his work needs one large vacuum plant or several 
smaller units. The average size chamber in use in Britain is about 36-48 inch. in diameter, smaller operators 
using 24 inch. units. In the United States there is a demand for chambers up to 72 inch. in diameter. Cycle 
times of vacuum processes involving the evolution of vapours in appreciable quantity, have much improved 
since the introduction of gas-ballasted rotary pumps. Similar benefits are derived from the introduction of 
the booster or oil ejector pump. Aluminium is the most popular material employed for metallising. The heat 
required to evaporate the metal does not harm the objects being coated since it can only be transmitted by 
radiation and the first metal deposited on the work will reflect the heat. In a 36-inch. diameter plant about 
3 operational cycles per hour can be achieved and the maximum power consumption is 10 kW. 


Sommaire: Une revue générale sur l’équipement a vide nécessaire pour un fabricant de jouet voulant métalliser 
ses produits. 


Metallised Plastic Films 


United States. Two methods are available for the coating of plastics with a metal film. Both are operated in 
vacuum: Cathodic sputtering and thermal evaporation. A comparison of their merits is shown in the table 
reproduced below. Cathodic sputtering is the older of the two processes but it is not suitable for the deposition 


Comparison of Vacuum Deposition Processes for Metallising Plastic Films 


Thermal 
Evaporation 


Cathode 
Sputtering 


Process Conditions: 


Pressure in chamber ioe 50 to 300 microns Under 1 micron 
Gas in chamber ... one Argon, helium, Air 
hydrogen, air 
Plastic film conditioning... Not too critical Important 


Ease and rate of deposition 
on plastic films: 


Aluminium Not practical Excellent 
Gold... Good Excellent 
Silver Good Excellent 
Copper Fair Excellent 
Zine _Poor Excellent 
Platinum ... Good Not practical 
Tron Poor Good 
Occluded gas in metal layer ... Fair Good 
Uniformity of deposition High High 
Process speed ees ane Very Slow High 
Width of Film ae aa No process limitations 


Relative cost High | Low 


of aluminium. Details of the evaporation process are given and an arrangement for continuous band coating 
is shown in a sketch. Reference is made to transfer-coating whereby a thin metal film is applied to a variety 
of base metals by stamping an adhesive-coated metallised plastic film, for instance cellophane, which has a 
release agent sandwiched between the metal and the film. The most suitable materials for evaporation in 
continuous band coating are gold, silver, copper, zinc and aluminium. The author proceeds to describe the 
various physical properties of the materials deposited. Aluminium has a reflectivity 5% less than that of silver 
in white light but 5 times better than silver in the ultra-violet region. In the infra-red both materials have the 
same reflectivity, equal 90%. The colour reflected by a material depends frequently on the thickness of the 
deposit. In the case of gold it depends on the number of carats: A film 34 millionths of an inch thick appears 
yellow if 24 carat, ‘natural’ gold colour if 22 carat and red if 10 carat. Silver, aluminium and gold films are 
good heat reflectors. An aluminium film, for instance, reflects 90% against 10% reflection from unpolished 
steel. Similar data are given on heat conductivity and corrosion resistance. Plastics suitable for metallising 
are Mylar polyester films, cellophane, cellulose acetate, polystyrene, polyethylene, and vinylite, the criterion 
being that they do not contain plasticisers of high volatility. The strength of the plastic material to be coated 
is important; the thinner the gauge of the base the less expensive is continuous band metallising. Mylar is the 
strongest of the plastic materials mentioned above and can be supplied in thicknesses of 0.00025 inch and in 
rolls 6,000 yd. long. The article concludes with a short review of the application of metallised plastic films. 
The following are mentioned: Unbreakable mirrors, reflective sheeting for lane markers, motor car bumpers, 
highway signs and lifebuoys. The high reflection capacity of aluminium in the ultra-violet region is made use 
of in the production of packaging materials for photographic films. 

Sommaire: On discute le pour et le contre de la projection cathodique et évaporation thermique dans la métalli- 
sation des plastiques. 
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Vacuum Coating Technique 
See Abstract No.: 2/III 


High Vacuum Metallising 
See Abstract No.: 6/III 


Aluminised Clothing to Give Heat The Bounce 
See Abstract No.: 216/I 


Flow Production of Hermetically Sealed Units for Domestic Refrigerators 
See Abstract No.: 133/II 
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Automatic Tank Pump Down 
See Abstract No.: 21/II 


An Instrument for Leak Detection and Pressure Measurement in High Vacuum Systems 
See Abstract No.: 123/II 


A Pirani Gauge Circuit 
See Abstract No.: 39/II 


High Frequency Coils Use New Core Materials 


United States. Current American trends in the development of materials for formers and ferro-magnetic 
cores of inductors are discussed, the main emphasis being on higher frequencies. For u.h.f. coils of high sta- 
bility, a glass tube is used as former, the ‘winding’ being a helix of silver fired on to the glass and then copper- 
plated to give a conductor thickness of 0.0010—0.0015 inch. The glass used has low thermal expansion and 
a low temperature coefficient of permittivity. An example is given of a coil with an apparent inductance 
of 0.07 wH at 100 Mc/sec., a distributed capacitance (without the ferro-magnetic tuning slug) of 0.6 pF and a 
O of 150. With the ferrite core in, the temperature coefficient of inductance is about +6 x 10°® per degree C. 
Such inductors are suitable for the frequency range 30—1,000 Mc/sec. and are accurately reproducible in 
manufacture. A transformer can be made by placing an ordinary winding of wire on the metallised former. A 
photograph shows a number of examples. 


Sommaire: Un nouveau matériau pour noyaux de différentes formes, permet d’obtenir de nouveaux inducteurs 
de haute fréquence et des transformateurs sous la forme compacte et variée des transformateurs basse frequence. 


TV Chemicals 


United States. A short account is given of the chemicals and methods employed by a large manufacturer 
in the production of tv tubes. In order to prepare the screens the tubes are cleaned with purified water, of 
which some 2,000—3,000 gal. are required per hour, and attached face down to a continuously moving hori- 
zontal conveyor belt. Each tube is filled with a quantity of barium nitrate solution followed by a water slurry 
containing the phosphor and potassium silicate up to a total liquid depth of 4 inch. The phosphor, settling 
through the liquid, adsorbs silicate and so does the glass. As a result an adherent screen is formed on the face 
of the tube. Due to the presence of barium, firm adhesion is obtained within 20 minutes. The excess solution 
is removed from the tube automatically before the latter comes off the conveyor. Zinc sulphide and zinc- 
cadmium sulphide containing small amounts of activator such as silver or uranium are the phosphors normally 
employed. The first gives a yellow and the second a blue light. An appropriate mixture of the two gives white 
light. The actual electron emitting part of the cathode gun consists of a small metal button coated by spraying 
with a triple carbonate of barium, strontium, and calcium. During the pumping stage of the tube the cathode 
gun is heated to 400°C resulting in a conversion of the carbonates to oxides. Finally, the gettering techniques 
employed in the pumping stage are discussed. Reference is made to the chemicals required for the respective 
processes in the production of coloured tv tubes. The total turnover in tv chemicals on the American market 
is estimated at $3,000,000. 


Sommaire: On discute les principaux problémes chimiques entrant dans la production de tubes de télévision, tels 
que formation de l’écran, nature des phosphores employés, et getters. 
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Nitrides of Chromium and Chromium-Titanium Alloys 
See Abstract No.: 50/III 


Transparent Phosphor Coatings 
United States. The conventional powder phosphor screens, when exposed to cathode rays, scatter light due to 
the crystalline nature of the materials and as a result a certain background illumination is always present. 
In order to overcome this, one should apply the phosphor in the form of a continuous glassy layer. A method 
of obtaining such a layer is available in the vacuum evaporation process but it was found that deposits produced 
in this manner no longer contain the activator. Also, their luminescent efficiency is low with the exception of 
zinc fluoride activated with manganese. Better results are obtained by a method, reported here, whereby the 
phosphor and the activator are brought together in the vapour state at temperatures ranging from 500—600°C on 
the glass surface in an atmosphere of a few millimetres of hydrogen sulphide. The method was particularly success- 
ful in the case of zinc and cadmium sulphide employing activators such as arsenic, copper and manganese. The re- 
actions were carried out in a Pyrex chamber heated by a Nichrome furnace in an atmosphere of 1—2 mm. Hg 
hydrogen sulphide. In order to maintain the right proportion of phosphor and activator the powder mixture was 
fed into the chamber intermittently, a small quantity only each time. A variation of the method provided for the 
manganese activator to be applied to the plate in the form ofa film prior to the plate being placed in the Pyrex 
chamber. The thickness of the coatings was approximately 5 u. The progress of the coating was observed by noting 


Typical Vapour-Deposited Phosphors 


Response under excitation 


Reaction components introduced 


Wt. % Activator Resultant phosphor CR 3650 A 
69 29 2.0 as MnCl, ZnS: Mn, Cl Yellow Yellow 
+ Blue 
70 30 0.1 as CuCl ZnS: Cu Green Green 


Greenish 
Yellow 


64 32 2.7 as AsI, ZnS: As, P White 


the interference colour and reflected light. At a certain thickness the coating appeared cloudy but this could be 
remedied by polishing. The coatings adhered well but could be removed by a solution of hydrochloric acid. 
The brightness values of emitting screens prepared by this method are shown in a graph. They are generally 
lower than those obtained with conventional powder phosphor screens. A typical value is the brightness of 
40 ft. lamberts at 20 kV and 1 mA per sq. cm. The reasons for the low brightness values are not clear. Experi- 
ments showed that the light trapped by internal reflections was appreciably less than could be expected from 
theory. In these experiments, a phosphor-coated glass disc was exposed to a de-focussed electron beam and its 
brightness measured in an evacuated integrating sphere. The values obtained were compared with the light 
emitted when the edges of the disc were blackened with Aquadag which prevented escape of the trapped light. 


Sommaire: On a déposé sur verre des couches tranparentes d’un certain nombre de matériaux luminescents, 
par réaction chimique de ces produits a l’état de vapeur. 


Infra-Red Speeds Erasure of Dark-Trace Tubes 
United States. Potassium chloride is the most suitable screen material for dark-trace tubes. When bombarded 
with an electron beam the peak of the absorption band produced by colour or F-centres occurs at approximately 
5,600 A. Regions of the screen which contain these F-centres appear magenta since green light is absorbed, while 
red and blue light are diffusely reflected. To eliminate the F-centres, the electrons trapped in the vicinity of 
potassium ion vacancy sites must be returned to the chlorine holes from which they came. This ‘erasure’ 
involves the exposure of the KCl to light at 5,600 A and thermal agitation of the F-centres to make them 
unstable. A brief review of practical methods of erasure and their disadvantages leads to a description of a new 
form of tube in which erasure is effected by radiant energy. Such radiation erasure depends on the presence of 
strong absorption bands in the far infra-red in the case of KCl. Under infra-red radiation the F-centres become, 
and stay, ionised. While the released electrons are in the conduction band of energy levels, an additional 
absorption of radiant energy is obtained. This absorption is sufficient to heat the screen material (scotophor) 
to the point of complete erasure. A thin film of aluminium is deposited on the KCl screen. This film is coated 
with carbon black to increase the absorption of radiant energy from a treated tungsten filament near the screen. 
The erasure time is 2—5 sec. determined mainly by the time required for the aluminium film to reach 80—90°C. 
During the writing cycle, the shadow of the tungsten filament is eliminated by making the filament more positive 
than the screen. Two circuits for arranging this are given, one for normal operation and the other with post- 
deflection acceleration. Designed as a radar tube, other applications lie in the field of industrial x-radiography 
and in the semi-permanent recording of the optical image of translucent objects using a flying spot scanner. 


Sommaire: Discussion sur les méthodes disponibles pour l’effacement de traces sur les tubes. 


The Vacuum Tube and Semiconductors 
See Abstract No.: 58/IV 
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The Appearance of Some Oscillating Discharges 


United Kingdom. Low voltage discharges which generate h.f. oscillations in a gas at a pressure of 10°? mm. Hg 
are known to appear in valves such as hot-cathode rectifiers and thyratrons. They involve large amplitude 
non-linear electromagnetic variations in the gas and have not yet been fully explored. Oxide-coated disc 
cathodes of 3-15 mm. diam. were used in the experiments reported here. In this type of discharge the potential 
gradient is large in the shallow, dark space-charge sheath near the cathode and small at all points outside the 
sheath. The primary electrons leave the cathode normally forming a cylindrical glow column a few mm. long, 
which is brighter than the plasma at the cathode surface and which ends in a bright meniscus, convex to the 
cathode. Adjacent to the meniscus in the direction of the anode a dark layer often appears and beyond this the 
primary electrons are deviated or scattered to give converging and diverging beams. This scatter indicates the 
presence of transverse components of field in the dark space beyond the meniscus and strong oscillations can be 
picked up by a probe in the region of visible scattering. At constant pressure this formation of the discharge 
will only be maintained up to a certain limit of the current. While below this limit the meniscus is fairly well 
defined and the oscillation frequency constant, above the limit the meniscus becomes blurred and new fre- 
quencies of oscillation appear. The discharge can, however, be stabilised at higher currents by applying a 
magnetic field perpendicular to the cathode. As a result the curvature of the meniscus is less pronounced 
and so is the scatter in the area beyond it. The existence of a transverse field component could be proved in 
another way by mounting a set of positively charged parallel wires in front of a flat cathode 15 mm. in diameter. 
The beam had then the appearance of a number of parallel ribbons but only up to the point where the meniscus 
would have formed in the absence of the wires. At that point the ribbons widened appreciably. The presence 
of the probes, employed in the present experimental method, was found to have some disturbing effect due to 
feedback, probably oscillatory from probe to discharge. Also, accurate definition of the respective zones of the 
discharge was impeded. But in the case of the meniscus, for instance, spectroscopic study (in argon) indicated 
that the main growth of scattering occurs within 1—2 mm. The phenomena observed appear to indicate a 
slipping stream interaction between the primary and plasma electrons resulting in oscillations violent enough 
near the meniscus to cause lower frequency ionic and relaxation oscillations. 


Sommaire: Un article sur la physique des décharges de cathodes chaudes a basse tension, donnant des oscil- 
lations haute fréquence dans un gaz, a une pression de 10° mm. Hg environ. 


The Transfer of Metal Between Electrodes in a High Vacuum on Application of a High Electric Field 
See Abstract No.: 51/IV 


Electrical Breakdown at Very Low Gas Pressures 


United Kingdom. Two problems relating to the breakdown mechanism, at pressures where the mean free 
path of the residual gas is larger than the dimensions of accelerators, have been investigated, t.e. (a) a claim 
that at unusually low pressures electrical breakdown strength increases with the increase of the pressure, 
and (b) anestimate of the pressure at which breakdown would occur if it was entirely due to ionising collisions in 
the body of the gas. (a) A case is quoted apparently confirming this claim: At a pressure of 5 x 105 mm. Hg, the 
breakdown voltage was 130 kV; on raising the pressure to 25 x 10° mm. Hg, the breakdown voltage was 500 kV, 
with an air gap equal to 40 cm. It has been suggested that, due to surface irregularity in the first electrode, a 
concentrated beam of particles produced a hot spot on the second electrode. Secondary emission from the latter 
provided the breakdown current. Above a critical pressure it is assumed that the bombarding particles scatter 
and can no longer maintain the hot spot. Consequently the breakdown strength improves. The author investi- 
gates these conditions theoretically and has come to the conclusion that the above mechanism is ruled out if 
electrons are considered to constitute the particles of the de-focused beam. Also, it is improbable that positive 
ions could be focused in the way suggested, resulting in an improved breakdown strength. But if the situation is 
considered in terms of an avalanching effect due to ionising collisions—a condition linked with problem (b)—the 
position is different. With electrons the probability of ionising collisions falls off at energies exceeding 100 eV, 
but for positive ions the ionisation cross-section increases nearly linearly at energies up to 50 keV. The author 
examines the conditions applicable in the latter case for two plane electrodes 5 cm. apart applying 50 kV in an 
hydrogen atmosphere, and arrives at an estimated figure for the critical pressure due to avalanching resulting 
from ionisation by collision, equal to 0.5 mm. Hg for oxygen. For nitrogen atmospheres the value is 0.1 mm. Hg. 


Sommaire: Une étude théorique sur une revendication comme quoi dans la région de certaines basses pressions 
la tension de claquage augmente quand la pression monte. 


Uniform Field Breakdown in Air 


United Kingdom. The steady current flow in a uniform field gap supplied with d.c. has been interpreted by 
previous workers in terms of the Townsend theory of breakdown involving a y-process. The author suggests 
that, in addition, another mechanism is involved for the following reasons: It can be established oscillographic- 
ally that near the breakdown voltage pulses occur which neither in amplitude nor repetition frequency accord 
with the conception of the Townsend postulates; when employing a high value series resistor in the circuit no 
breakdown should occur theoretically, but can be obtained in practice; in theory the discharge should be 
diffused, in practice it is filamentary; the velocity of the observable luminosity across the gap is 104 times faster 
than that postulated by the Townsend theory. It is suggested that the current build-up in accordance with the 
Townsend primary and secondary process causes a streamer-like mechanism to be initiated, the streamer 
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moving across the gap and thus completing the breakdown. The concept of an additional streamer mechanism 
makes the assumption of a secondary process unessential and this may account for the fact that many workers 
could not detect a secondary process when investigating problems of this kind. 


Sommaire: Certains phénoménes du mécanisme de claquage dans de l’air residuel ne peut pas étre expliqué 
seulement par la théorie de Townsend, mais avec l’aide du ‘streamer mechanism’. 


Emission Characteristics of Vacuum Spark Discharges III. Aluminium and Carbon Spectra in the Visible Region. 


United States. Previous investigations into the emission characteristics of vacuum discharges were essentially 
confined to the far ultra-violet region. In general, the total intensity was found to increase as a function of 
the current, but also to be dependent on the electrode diameter employed. Recently, investigations have been 
extended to the visible region and the present report gives the results of studies of Al I, Al II, Al III, CII, 
and C III. The spark was produced in an evacuated brass chamber between aluminium or carbon electrodes 
energised by a bank of condensers having a total capacitance of 21.6 uF charged to voltages ranging from 5 to 
20 kV. A small quantity of helium was fed into the chamber to initiate the discharge. A Littraw-type spectro- 
graph was employed into which the light from all parts of the discharge was passed via a condensing lens. At 
the exit slit was a moveable photomultiplier tube which could be set on any spectral line. The output of the 
photomultiplier was amplified and displayed on an oscilloscope. Precautions were taken to eliminate spurious 
signals. Observations confirmed the existence of a continuum already established by past investigations, in 
addition to individual spectral lines. This continuum was greatest at high currents and during the first spark 
current oscillation. The wavelengths and classifications of the lines selected for study are listed in a table 
reproduced below. The values of the current, voltage and inductance at which intensity measurements were 


Wavelength and Classification of Selected Spectral Lines 


Line Wavelength, A 
All 3?P,/.—4°8,/, 3961.5 
Alll —4'P, 4663.1 
Al Ill 2D —5°F (unresolved) 4149.9-4150.1 
Al Ill —5*G (unresolved) 4480.0 
Al III 4512.5 
Al III 5/2 (unresolved) 4528,9-4529.2 
—<4F (unresolved) 4267.0-4267.3 
C PF, —5'G, 4187.1 
iil 38, —3°P, 4647.4 
Cc Ill 3S, —3°P,,, (unresolved)* 4650.2-4651.4 


* This pair was well resolved on photographic plates but was not resolved with 
the multiplier slit that was used. 


Summary of Discharge Conditions 


Peak Current (kA) 


at 12.5 


uH 


5.3 0 7.0 

8.0 24.2 16.4 10.6 5.6 
10.6 32.0 21.7 14.0 7.4 
15.7 7.5 $2.2 20.7 10.9 
20.5 y 27.0 14.3 


made are shown in the second table. The results are given in graphs. Generally, the intensity was found to 
increase linearly with current at each inductance value, and to be higher at a given current for greater values 
of inductance. At constant voltage the intensity of the Al III lines often reached a maximum at intermediate 
values of the inductance, whereas the lines of Al I and Al II showed the expected characteristics. For all lines, 
except in the case of Al I, the intensity at minimum inductance (2.4 nH) was increased at a current of about 
32 kA as had been found previously in the far ultra-violet region. A similar behaviour was shown by C III 
which had a pronounced peak at 2.4 uwH and 32 kA. The reason for the increased intensity when operating at 
32 kA is not clear. It has further been observed that the total intensity depends on the direction of the current 
flow so that alternate peaks are higher and lower. This phenomenon too has not been clarified yet and is subject 
to further examination. 

Sommaire: On a étudié et mesuré les caractéristiques d’émission et le mécanisme d’étincelles engendrées entre 
des electrodes d’aluminium et de carbone. 
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Use of the Gliding Spark for Spectro-Analysis in the Far Ultra-Violet 


France. The halogens, rare gases and metalloids are difficult to detect by the usual spectral analytical methods 
because their intensities lie in the far ultra-violet region. These difficulties are essentially due to the unstable 
nature of the vacuum spark. The authors have made use of the gliding spark method for the quantitative 
determination of sulphur, phosphorus and carbon in steels by means of spectral analysis. The method has 
already been applied in the past for investigations in the region of 2,000 A. Thus it was possible to determine a 
phosphorus content of 0.005% at a wavelength of 1,774.94 A, and sulphur and carbon content with a similar pre- 
cision, but in that region the spectral emission of the iron is extremely high and the method requires highly sensi- 
tive apparatus. In the region of 1,200 to 700 A employing the same method of spark excitation the spectral 
emission of the iron is comparatively low. The authors, operating in that region, have used an arrangement 
described on page 489 of the journal quoted. They employed the wavelength range 950 to 1,118 A for Pry, 933 to 
944 A for Syy and 977 to 1,176 A for Cyz;. The ions have either only one electron (in the case of Sy) or two 
electrons (in the case of Cyyzz and Pyy), z.e. ions with a similar configuration of the outer shell as alkaline and 
alkaline earth atoms, and this analogy may be the reason for the sensitivity of those wavelengths. The measure- 
ments were carried out by the classical method of referring to a reference wavelength of the iron in the same 
Letter by spectral region. Determinations down to 0.005% of sulphur content and phosphorus content, and 0.01% of 


G. Balloffet & carbon content could be effected. 


J. Romand . 
Je Pex. Ration Sommaire: Des détails sont donnés sur un arrangement pour l’analyse spectrale employant |’étincelle glissante 


16, June 1955 dans la région de longueur d’onde de 700 a 1,200 A pour détecter les quantités de sulphur, phosphore et de 
490-491 carbon, dans de l’acier. 


66/I Light Emission from High Vacuum Gas Discharges 
See Abstract No.: 171/I 


New Xenon-Light Source for the Vacuum Ultra-Violet 


United States. An improved light source fitted with xenon giving a strong spectral discharge continuum suitable 
for molecular absorption spectroscopy in the vacuum ultra-violet has been developed. Sources used hitherto 
have had important limitations. The hydrogen emission is continuous only in the region of 1,700 to 5,000 A. 
The Lyman continuum may be used in any region of the vacuum ultra-violet above 300 A but disadvantages 
include frequent replacement of the capillary, clogging of the entrance slit, the necessity for a ‘predisperser’ when 
working in higher grating orders, difficulty in securing alignment, the pulsating nature of the continuum, the 
overlapping of emission and absorption lines and the irregularity in the intensity distribution. The Hopfield 
continuum covers the range 600—1,000 A. Earlier work with xenon, using an open tube through which the 
xenon was passed to the spectrographic slit, enabled an emission continuum from 1,470 to 2,200 A to be 
obtained. This led to the development of a sealed-off high-intensity tube with a fluorite or lithium fluoride 
window described in the present article. A fluorite window, 20 mm. in diameter and 2 mm. thick, was sealed 
to one end of a 12 mm.-diameter Pyrex tube. The slit of a 21-foot vacuum spectrograph was placed near to the 
window and held in position by a large conical joint, the two halves of which were sealed to, and enveloped, 
the ends of the discharge tube and spectrograph tube. The other end of the Pyrex tube was connected, via 
a pinch and a pentane-liquid nitrogen cold trap (-130°C) to the vacuum pumping unit, a gauge and the xenon 
supply flask. When the tube had been pumped down to 0.001 u Hg and outgassed by hand torching, a barium- 
magnesium-aluminium alloy getter, contained in a side tube, was fired. Xenon was then admitted to the tube at 
a pressure of between 50 and 350 mm. Hg and the tube was sealed off at the pinch. A discharge is initiated by a 
Tesla coil and maintained by a microwave energy generator, supplying 2,460 Mc/sec at 125 W to an antenna 
which is located near, and parallel to, the tube. A continuum from 4,000 to 7,000 A, which can readily be seen 
with a hand spectroscope, becomes more intense as impurities, mainly carbon monoxide, slowly disappear. 
Photographs show the xenon continuum at the short wavelength limit and in the near ultra-violet and visible 
regions at various pressure levels in the range mentioned. By reducing the bore of the tube from 12 mm. to 
54 mm., exposure time can be reduced from 30 to 15 minutes operating at 180 mm. Hg xenon pressure and with 
a slit width of 10 yu of the 21-foot spectrograph. The life of the tube for high intensity work is limited to about 


Article by 50 hours owing to gradual solarisation and contamination of the window but otherwise there is no limit to the life 
P. G. Wilkinson | of the tubes. The continuum ranges from 1,500 to 2,250 A and from 2,500 to wavelengths greater than 7,000 A 
& Y. Tanaka but the intensity in the long wavelength range is strongest in the Schumann region. Molecular xenon is presumed 
J. asda to be responsible for the continuum. 
45, May 1955 Sommaire: Description d’une source de lumiére ultra-violette sous vide, remplie de Xenon a une pression variant 
344-349 de 50 a 350 mm. Hg; cette source a une forté émission continue dans le spectre de 1,500 a 2,250 A. 


68/I Improvements i.a.r.t. Lamp Sealing and Exhausting Machines 
United Kingdom. In the manufacture of tungsten filament lamps the older method of sealing the filament 
into the bulb on one machine and then transferring the bulb to another machine for exhausting and sealing-off 
the stem has been superseded by a sealing-exhausting machine known as the Sealex Machine. Here the whole 
process of sealing the mount to the bulb and exhausting the finished assembly is carried out in one sequence of 
operations eliminating all manual handling previously required to transfer the component from one machine to 
another and eliminating at the same time repeated heating up of the bulb. There are certain types of tungsten 
filament lamp designed for use in reflectors, etc., which require exceptionally accurate positioning of the filament 
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within the bulb with respect to the base of the lamp. The manufacture of these lamps includes a special pro- 
cessing step, t.e. a pre-focusing operation. Where the lamp in question is of a small size, for instance a miniature 
flash lamp, the pre-focusing operation is carried out on a basing or finishing machine which is provided with 
optical apparatus to assist the operator in positioning the filament accurately. In the case, however, where the 
lamps requiring a pre-focusing operation are large, this operation was in the past carried out immediately after 
processing on the sealing machine was completed and while the seal was still hot. In the present patent a device 
is proposed which facilitates accurate positioning of the filament with respect to the bulb at the appropriate 
stage in the sequence of operations carried out on the Sealex type of machine. The machine in question is 
designed for 32 operational stations arranged in two rings of 16 stations each, the inner ring constituting 
the assembly stages and the outer ring constituting the evacuation and gas filling stages of the lamp. The pre- 
focusing station is the thirteenth in the assembly sequence. Special means are provided at this station for 
the sealing head to be accurately positioned by means of a slide mechanism, with respect to a fixed optical 
system which projects two images of the filament side by side on a screen. The operator, protected by heat 
shields and wearing asbestos gloves, pulls down the mount, just sealed-to the head, by gripping the pumping 
stem, which is pointing downwards, until the filament is brought to a predetermined position which can be 
ascertained by observation of the images on the screen. This operation also ‘works’ the seal, relieving strain 
in the glass and increasing the strength of the joint. During the subsequent three steps in the assembly sequence, 
the assembly is cooled down enough to allow the seal to set but is transferred to the outer ring for evacuation 
and filling before cooling is complete. 


Sommaire: Description d’une machine moderne pour le pompage et la fermeture des lampes comprenant un 
systéme de pré-focalisation pour les lampes devant étre employées avec des réflecteurs, etc. 


Coated Filaments and Their Production 


United States. Filaments, of tungsten or other material, used in incandescent lamps or electron emissive 
devices may be covered with a layer of zirconium. This zirconium layer, having a weight of about 0.5% of the 
filament itself, forms the base for coatings of red phosphorus getters or electron emissive materials. Longer life, 
better lumen maintenance, owing to the reduction in blackening, and improved getter action for gases such as 
oxygen result from this zirconium layer. To produce it, a number of filaments assembled in a jig are placed 
in a work chamber which is evacuated to about 4 u Hg and are evaporatively coated with the metal from a 
1,000 W tungsten filament serving as the evaporation source. Zirconium strip or wire, sufficient for one evapora- 
tion only, is wound round this filament before it is heated. A uniform coating all round the wires can be ensured 
by vibrating the filaments during the evaporation, by agitating the bell jar as a whole for example. 
Sommaire: On propose une méthode de recouvrement de filaments, employés dans des lampes a filament de 
tungsténe ou autres emitteurs d’electron, ave du zirconium qui forme la base d’un matériau getter, ou d'autres 
matériaux emetteurs d’electron. 


New Developments in Reflectors for Motor-Car Headlights 


Germany. The modern technique of depositing thin aluminium layers on lacquer bases in the production of 
reflectors for car headlights is discussed. The protection of these mirrors by quartz layers is also mentioned. 
In the past the reflecting surfaces were silver. The reflector body was of brass, drawn to a parabolic shape, 
ground and polished. A thin layer of nickel was electro-deposited on the brass, to serve as a base for the silver 
and prevent the electro-chemical corrosion that would occur if the silver were in direct contact with the brass. 
Two polishing operations were required in the production of such a mirror. Asa result grease or other polishing 
matter was embedded in the finished silver surface which gave rise to cloudy spots when exposed to a humid 
atmosphere. In addition, the coats tended to tarnish because of atmospheric hydrogen sulphide or on contact 
with vulcanised rubber. In a new technique the aluminium mirror is formed by vacuum evaporation on a 
lacquer base. A smoothly ground steel base is used which is not polished but lacquered to give a high-gloss finish. 
The aluminium layer has a reflectivity little different from polished silver and offers various advantages in- 
cluding the following: Any type of material may be used for the base. The lacquer layer separates the alumi- 
nium from the base metal and this prevents corrosion. The surface is unaffected by hydrogen sulphide. The 
surface of a ground steel base has been measured by interference methods and was found to have grooves 
varying in depth from 1 uy—3 wu. The same surface, after lacquering and deposition of the aluminium film showed 
uniformity within 0.05 u. Micrographs showing typical surface conditions are given. Thick.aluminium films 
were found to be comparatively rough due to crystal growth. The best thickness, optically, was a few tenths 
of a micron, but in view of the softness of the metal it is desirable to provide a protective film for layers as thin 
as that. Quartz is the most suitable material for the purpose. Quartz films have high transparency, adequate 
hardness and resistance to acids, and greatly improve the performance of headlamp reflectors produced by the 
method described. 

Sommaire: Les résultats obtenus en employant la méthode d’évaporation sous vide pour la production des 
lampes de phares d’auto, sont comparés avec ceux obtenus lorsque les lampes avaient un corps de bronze dont 
la surface était argentées par electrolyse. 


Finishing Ever Ready Lamps 
United Kingdom. Large-scale plant used for finishing cycle lamp components is described. It consists of one 
installation for automatically spray-painting and stoving cases, lens rings and top caps, and another for lacquer- 
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ing and stoving reflectors which are subsequently coated with a reflecting medium by vacuum deposition. The 
former installation has an output of 1,440 sets per hour and is manned by six operators. The components, 
having been given a phosphating treatment, are placed in rotatable jig carriers on the main conveyor and are 
carried through an automatic dry back spray booth where the interiors are sprayed and then through a water- 
washed spray booth where the exteriors are sprayed. The parts continue through a flashing tunnel to remove the 
solvents (24 min.) and then to the proper stoving tunnel in which the components spend 4 min. before being 
rapidly cooled by fans on their way to the unloading and inspection station. All operations described are 
automatic. The reflectors used in the lamps were formerly made of polished and silver-plated brass but the 
introduction of vacuum deposition methods has facilitated the use of steel instead. As the first step the reflectors 
are coated with a smooth film of lacquer and the second installation described is used for this purpose. The 
reflectors are attached to jigs which are hung on to 5-foot flight bars mounted at 12-inch intervals on a chain 
conveyor. The latter dips the reflectors into a lacquer vat after which they pass through a draining and flashing 
zone before entering the stoving oven. The conveyor speed can be varied from 3—12 inch/min. The oven is 
fitted with gas-operated infra-red radiators. The consumption is 1.5 therm/hour. After passing through a 
cooling section the conveyor returns to the loading station where unloading is effected. The reflectors are now 
placed on coating jigs and charged to one of the two work chambers of the vacuum evaporation plant which is 
served by 10-inch diffusion pumps. The associated rotary pump as well as the air compressor for the operation 
of the valves, doors, etc., are placed remote from the coating chamber to avoid danger of contamination by 
dirt, oil vapours, etc. The actual coating operation is effected automatically and the plant is situated in an 
air conditioned room. After coating, each reflector is given a protective lacquer coating. The plant has a 
capacity of 40,000 reflectors per day. 


Sommaire: On donne des details d’une machine pour le fini des piéces d’ampoules pour cycles. 


Improvements i.o.r.t. Production of Selenium Rectifier Plates 
See Abstract No.: 43/III 


Measurements on Mercury Vapour Rectifier Tanks 


Germany. Details are given of the methods of measurement employed to test mercury vapour rectifiers 
prior to use and during operation. Five groups of measurements are discussed. Measurement of the vacuum: 
Pumped rectifier tanks are normally fitted with gauges. The rectifier can be put into operation if the resi- 
dual gas pressure is below lu Hg. Testing should not be restricted to the use of the McLeod manometer as 
condensible vapours would not be indicated. If the pressure in the tank is in the millimetre range backfiring 
may occur. In the case of a pumpless rectifier a method of testing can be employed based on the Paschen 
Law. Incases where the tank is made from glass, high frequency testers can be used. Another important quan- 
tity to check prior to putting the rectifier into operation is the vapour pressure of the mercury. The latter 
is governed by the temperature of the coldest free surface of mercury present in the tank. In order to check 
on operational conditions in this respect the temperature of the cooling water on entering the cooling zone is 
measured, or in the case of air-cooled apparatus the temperature in the air cooler is measured. The remaining 
three groups of measurements refer to the testing of the ignition process, the d.c. circuit and the reverse 
voltage during operation. All these measurements are exclusively concerned with the electrical performance 
of the rectifier. 


Sommaire: On passe en revue les différentes techniques de mesure employées dans l’essai des redresseurs a 
vapeur de mercure, avant et pendant |’opération. 


A Resistance Thermometer for Use at Helium Temperature 
See Abstract No.: 140/I 


A Special Thermocouple for Measuring Transient Temperatures 


United States. Fine wire thermocouples are not always the most suitable form of thermocouple for the measure- 
ment of transient temperatures. They are not mechanically strong and it is often difficult to position the hot 
junction accurately. The element here described has a plane surface junction ly thick, is mechanically strong 
and can be located with great accuracy. The device consists of a probe, body, terminal post and insulator. The 
cylindrical probe contains the hot junction—the end of a thick-walled steel tube in contact with a layer of 
nickel 1 pu thick. The thermal e.m.f. is generated at this interface. The contact lead to the nickel passes down 
the tube in which it fits tightly. The insulation between core and tube is a thin layer of oxide on the nickel. The 
probe length is 5/16 inch to $ inch. The probe unit is mounted in a steel body to which electrical connection is 
made. The body is insulated from the nickel core by a cylinder of lucite. The nickel core has a nickel terminal 
post at its upper end. Later designs are roughly } inch long overall and } inch external diameter, the probe 
itself being threaded externally for mounting. The steps in production are (1) preparation of tubing, (2) pre- 
paration of nickel core, (3) mounting of core in tubing, (4) preparation of probe end for coating and (5) deposition 
of nickel. The steel tube is 0.1 inch external and 0.01 inch internal diameter. After cutting to length, one end 
is tapered and the bore is enlarged to 0.0135 inch diameter for a length of ? inch from the tapered end. This 
hole is then lapped with aluminium and oil on a revolving wire. The nickel core is 0.012 inch diameter and is 
heated to 2,000°F for 1 hour in an atmosphere of carbon dioxide thus forming a thin coating of nickel oxide with 
good insulating properties. The oxide-coated wire is carefully inserted into the lapped hole and the tapered 
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end of the tubing is threaded through a wire-drawing die of 0.09 inch diameter. This process compresses the 
tubing onto the core. After cutting and polishing a plane face on the probe end, the insulation between wire and 
wall is checked using a low voltage ohm-meter (50 mV) so as not to damage the insulation. The polished end 
is then coated with nickel to a thickness of 1 » by vacuum evaporation. An electrolytic plating process would 
not deposit nickel over the oxide annulus. The nickel charge for evaporation is of 5 turns of 0.01 inch diameter 
nickel wire wrapped around each loop of a helical spiral of 0.025 inch diameter tungsten of 20 turns spaced } 
inch apart. The surface to be coated is placed ? inch below the filament assembly. Adhesion between the evapo- 
rated nickel and the steel is assured by preheating the steel to 750°F and maintaining this temperature during 
deposition. This type of thermocouple may be mounted flush with the surface the temperature of which is to 
be measured and gives extremely rapid response, a temperature rise of 224°F being achieved in 0.9 millisec. 
The e.m.f. generated is almost linear with temperature variation and the output is about 32 mV at 2,200°F. 


Sommaire: Description d’un thermocouple spécial ayant une épaisseur a sa jonction, de seulement un micron: 
construit pour mesurer des changements rapides de température dans les parties de pieces soumises 4 grands 
efforts. 


Gassing of Liquid Dielectrics Under Electrical Stress 
See Abstract No.: 12/I 


The Effect of the Gas Content on the Dielectric Performance of Insulating Oils 


Germany. Previous investigations carried out on low viscosity mineral oils have shown that among other 
reasons the insulation breakdown of insulating oils is due to the evolution of gases dissolved in the oil under the 
influence of electrical stress and due to volatile components forming vapour bubbles under certain pressure 
conditions. The experiments reported in the present publication deal mainly with the following problems: 
(1) The magnitude and mechanism of gas dissolution in a liquid, (2) the effect of dissolved gases in the breakdown 
resistance of insulating oils, (3) experimental proof of the evolution of gases previously dissolved in the oil as the 
result of electrical stress, and experimental proof of such evolution at atmospheric pressure, and (4) the effect of 
ionisation phenomena and/or space charges on gas evolution in oils. A table, partly reproduced below, shows 


Results of Various Gas Solubility Measurements 


Air | N, | 0, | H, | CO, | CO | CH, |mm.Hg| °C 


Remarks 


Individual 


Pennsylvania 
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data published previously on gas solubility and includes data obtained in experiments forming the basis of this 
paper. Low viscosity oils dissolve more gases than high viscosity oils. For instance, transformer oil dissolves 
air at 8-12% (volume) as compared with cable insulating oils which dissolve only 4.7-7% (volume). Further, 
low viscosity oils show increasing solubility with increasing temperature (maximum at about 90°C) whereas 
high viscosity oils show the opposite trend. Breakdown potentials were examined experimentally on highly 
viscous cable-insulating oil in a special apparatus shown in a sketch. The electrical supply was 50 cycles. The 
oil was first degassed at 10°? mm. Hg at a temperature of about 80°C for 9 hours. During the cooling period the 
breakdown potentials were measured at atmospheric pressure. Subsequently hydrogen was introduced into the 
oil followed by a further degassing process and finally dry air was introduced. The results of the experiments 
show that degassed high viscosity oil has consistent breakdown potentials over a wide range of temperature. 
But if gas is present in a dissolved state the values of breakdown potentials oscillate appreciably. This is 
attributed to gas evolution under electrical stress. Low viscosity oils were studied in a different experimental 
set-up, first after degassing at a high vacuum and secondly after an intermediate admission of gas and sub- 
sequent degassing, at atmospheric pressure. The second series of experiments showed that the presence of 
dissolved gases has no influence on the breakdown potential. The value of the breakdown potential measured 
at reduced pressure was invariably lower than that measured at atmospheric pressure. But the introduction 
of large quantities of a gas or the presence of fibrous material, often inevitable asa result of cable manufacturing 
methods, leads to a substantial reduction of the values of the breakdown potential. This was proved to be due 
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to gas evolution. In a further series of experiments, clean oil with a high gas content was tested under vacuum. 
The potential between the electrodes was raised methodically from the minimum value which caused bubble 
formation on the surface of the electrodes. Actual breakdowns under reduced pressure are followed by par- 
ticularly violent gas evolution at the electrode. In the course of one experiment which took several hours, 
gas bubble formation could be maintained over a long period by raising the voltage steadily. The gas evolved 
was analysed but no decomposition product of the oil could be traced, nor could ionisation phenomena be found. 
The results of the experiments indicate that the dielectric properties of insulating oils deteriorate if an appreci- 
able amount of dissolved gases is present. Deterioration is promoted by super-saturation of the oil with gas 


Article by or by suspended foreign matter such as fibres. It is recommended therefore that all oil filling and impregnation 
ee processes should be carried out under reduced pressure. 
495A, ll. 11.1954 | Sommaire: On rapporte les détails d’une étude explorant les propriétés de claquage d’huiles isolantes sous 
763-768 différentes conditions d’emploi. 


78/1 Electrical Capacitors 
See Abstract No.: 48/III 


Fixed Resistors Show Stability Improvements 
See Abstract No.: 49/III 


14 — MECHANICAL SCIENCES — 14 


A Method of Making Bursting Discs and/or Vacuum Supports 


United Kingdom. Bursting discs are fitted to reaction vessels to seal off channels through which the fluid 
contained in the vessel may escape if the internal pressure becomes excessive and bursts the disc. Normally, 
bursting discs consist of a dome-shaped frangible diaphragm made from sheet metal and fitted to the reaction 
vessel in such a manner that its concave side faces the inside of the pressure vessel. If a disc of this kind 
is designed to burst at a small pressure differential between the pressure within and without the reaction vessel, 
say at a pressure differential of about 3 atmospheres, it must be made from relatively thin material. Consequent- 
ly, should a negative pressure differential occur, 7.e. should the pressure outside the reaction vessel be larger 
than within the reaction vessel, a disc of thin material may be easily deformed. To prevent this, so-called 
vacuum supports are provided which are in fact perforated discs of equivalent shape and dimensions which are 
fitted on the inside of the bursting disc assembly to fit snugly within the bursting disc. A method is described 
of manufacturing bursting discs and their corresponding vacuum supports which is claimed to be more satis- 
factory than the conventional method involving die-pressing. Essentially the new method consists of clamping 
a flat metal disc of the required thickness to a holder and applying fluid pressure, preferably hydraulic pressure, 
to the disc, causing the disc to take up the shape it would take up when exposed toa positive pressure differential 
of a value, intermediate between the normal operational pressure differential and the limit of the pressure 
differential at which the disc is expected to burst. The corresponding vacuum support is formed in a simi- 
lar manner using the finished formed bursting disc as the mould. If the material used for the bursting disc 
itself is thick enough, the disc and the vacuum support may be formed simultaneously by applying the 
pressure to two sheets of metal placed on top of each other. By applying fluid pressure in the shaping pro- 
cess of the disc, the new method, as distinct from the conventional die-pressing method, ensures that the 
disc is exposed to precisely the same conditions of stress as in operation for a given positive pressure differential. 
By way of example, the manufacture of a silver frangible diaphragm is described, which is designed to. burst 
at a pressure differential of 200 Ibs/sq.inch when fitted to a pressure vessel with a normal working pressure of 
T. B. Philip & 120 lbs/sq.inch, by applying a hydraulic pressure of 170 lbs/sq.inch during the shaping process. The corres- 


ae ponding vacuum support was made from nickel sheet approximately three times as thick as the silver disc. 
Brit. Pat. Sommaire: Description d’une méthode pour former des disques explosant de protection, et leur supports 
728,966 dans le vide. 


81/I Notes on the Role of Hydrogen in Metal Arc Welding 


United Kingdom. Methodical investigation into the various defects observed in welded steel joints have begun 
only comparatively recently. Such defects are: Hot cracking, fissuring taking place below 600°C, ‘hardened- 
zone’ cracking either immediately after cooling down to room temperature or some hours later. The following 
factors which may have a bearing on these phenomena have been studied: The hydrogen content of the weld, 
the magnitude of the cooling rate applied to the complete joint, the effect of alloys in the steel and porosity of 
the joint. The first to publish on the subject were Rollason & Hopkin (Trans. Inst. Weld, 7, 1944, 74,76). 
There exists a direct relationship between the potential hydrogen in the coating of the electrode employed and 
the hydrogen content in the weld produced. The maximum amount of hydrogen which can be taken up by 
the weld is governed by the solubility limit of hydrogen in the steel at the temperature of the molten weld pool. 
At 1,600°C the value is 29.7 mm. hydrogen per 100 g. of metal. At this temperature the steel is in the austenitic 
condition and on cooling down to about 1,100°C hot cracking will occur if hydrogen is present in excess of true 
solubility, causing large internal pressures which may exceed the strength of the metal and eventually produce 
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rupture. Steels in the austenitic condition hold a comparatively large volume of hydrogen but at 600°C trans- 
formation into the martensite structure takes place which has a solubility limit of about 3 mm. per gram of 
metal. At 500°C it is only 0.7 mm. per 100 g. At this cooling stage, any hydrogen-enriched austenite islands 
in the metal will set up fresh internal stress resulting in weld fissuring. This effect can be counteracted by 
applying a reasonably slow cooling rate. Also, the presence of other metals in the form of alloys may have a 
beneficial effect, for instance, boron-molybdenum steel shows high immunity to the phenomena just described. 
Cooling rates recommended are 45°C/sec. at the 300° temperature level in the case of boron-molybdenum steel 
employing Class 3 electrodes (British Standard Specification 1719: 1951). In ‘hardened-zone’ cracking, porosity 
plays an important part. In the absence of porosity, 1 mm./100 g. exerts a pressure of 103,000 p.s.i. and pressures 
of this magnitude may produce rupture. If, however, there is porosity of the order, say, of 0.05 relative vol. %, 
11.1 mm. of hydrogen per 100 g. of weld metal will be required to exert a pressure of 100 tons/sq.inch. It 
can be expected that, where rupture occurs at room temperature, the hydrogen pressure has actually exceeded 
the strength of the metal. The mechanism responsible for such ruptures can be interpreted in terms of Zapffe’s 
planar pressure theory of tri-axial stresses. 

Sommaire: Un article sur les recents travaux et leurs resultats dans |’étude du {réle joué par Vhydrogéne dans la 


soudure a arc. 


Vacuum-Brazed Clad Metal Now Commercial Reality 

United States. Details are given of a novel vacuum brazing process (‘Hortonclad’) for the production of clad 
metal in sheets up to the dimensions of 10 x 38 ft. and in thicknesses, varying from } to 1} inch, for the base 
plates and 1/16 to 4 inch for the alloy layer. The new process facilitates the bonding of chromium, chromium- 
nickel, Monel, Inconel, nickel, nickel alloys and stainless steel to carbon steel, and the bonding of molybdenum, 
copper and similar materials is contemplated. After the de-scaling of the two plates to be bonded together, a 
hole is drilled into the centre of the base plate to fit the connection to a vacuum pump. Then a sheet of brazing 
alloy, normally a thin copper alloy foil, is placed over the base plate and finally the face sheet is positioned on 
top. The assembly is brazed all along the edges to make it air-tight and then charged into the brazing furnace. 
A vacuum of 29—30 inch. Hg is drawn and as the brazing is carried out in atmospheric air the layers are pressed 
together firmly during the process. In addition, evacuation promotes the withdrawal of gases which may form 
in the process. After cooling, the edges of the clad metal are trimmed. The material is mechanically equivalent 
to conventional hot-rolled clad metal and meets the requirements of the A.S.M.E. Boiler Code and the A.S.T.M. 
Standards for Integrally and Continuously Clad Plate. Welding presents no difficulties providing the presence 
of copper in the bond interface is taken into account. According to a market survey conducted on the occasion 
of the introduction of the new process, 70-75% of the clad steels used are stainless steel backed with low 
carbon steel. During 1954 about three-quarters of the clad steels produced was used in the chemical, petroleum 
refining and atomic energy industries. 

Sommaire: Description d’un nouveau procédé commercial facilitant le revétement de grandes feuilles de métal 
par un procédé de brasure sous vide. 


Brazing Molybdenum for High-Temperature Service 
United States. Various brazing techniques have been investigated with a view to obtaining strong ductile joints 
that would facilitate employing molybdenum in engineering applications, e.g. as a construction material in certain 
types of heat engines. Molybdenum welds are known to exhibit extreme brittleness, suspected to be due to the 
presence of impurities and confirmed to be due to re-crystallisation. Little information was available hitherto 
on the merits of brazing techniques as an alternative. Four different techniques were explored: Vacuum brazing 
in an Inconel retort, oxy-acetylene brazing, and induction brazing in both vacuum and argon. The components 
to be joined were cut from 1/16th thick molybdenum sheets obtained from three different suppliers. In order 
to ascertain the maximum permissible brazing times samples of the sheets supplied were heat treated in vacuum 
at 2,400°F and subsequently bend-tested, 50% of the original ductility being the limit fixed. Permissible 
heating periods varied from 2 minutes to $ minute for the three types of sheet used. Sixteen different brazing 
alloys, copper base alloys, nickel base alloys, cobalt base alloys and noble metal alloys, with melting points of 
1,800°F or higher, were employed in the experiments in the form of foil which could be inserted between the 
parts to be joined. The molybdenum parts to be joined were etched before brazing. In the case of the first of 
the above mentioned methods the Inconel retort was evacuated to less than 1 u Hg and then heated for about 
10 minutes at 100° above the liquids of the brazing alloy in question. Specimens brazed by this method were 
tension-tested and failed in the base metal: single-lap joints at about 20,000 p.s.i. and double-shear joints at 
about 23,000 p.s.i. These failures are due to the long brazing periods required in this method which result in 
complete re-crystallisation of the base metal, the long periods being required because the method is limited to 
brazing alloys which melt below 2,300°F. In order to carry out experiments with the oxy-acetylene brazing 
method special fluxes had to be prepared. The compositions of the various fluxes employed are given. This 
method appears to offer some practical scope but there is still a need for a flux that will protect molybdenum 
up to around 2,600°F and which can be removed easily after brazing. Induction brazing experiments were 
carried out first in a 24-inch Vycor tube evacuated to 0.2 uw Hg. The brazing alloy was Hastelloy C. Brazing 
time was 25-60 sec. and cooling down time from 1,800°F was about 1 min. The specimens brazed by this method 
failed in the base metal when a tension varying from 22,000 to 77,000 p.s.i. was applied. Consequently the 
method was changed and a }-inch diameter Vycor tube was used and brazing was effected in an atmosphere of 
flowing argon. In this method the time required to cool to below 1,800°F was reduced to 20 sec. The latter 
method is considered the most suitable of all the methods tested but is restricted to certain sizes and shapes of 
the pieces to be joined. In order to cause brazed joints in sheet under test to fail under conditions approaching 
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pure shear and in order to minimise notch effects, slotted tension specimens were employed at a later stage of 
the experiments. A }-inch slot was machined into one of the two components to be joined and the other was 
assembled into it after wrapping it with 0.003-inch brazing alloy foil. In order to eliminate still further the notch 
effects, stress-rupture tests were carried out at 1,800°F in a vacuum creep furnace. The results of these tests 
are shown in a table partly reproduced below. The experiments seem to indicate that Inconel and Haynes Alloy 
25 are the most suitable brazing alloys. 


Results of Stress-Rupture Tests at 1,800°F 


Brazing Brazing Rupture 

Tess On res Time, hr. 

Braze, p.8.1. Sheet, p.s.2. 
Haynes Alloy 25 Induction 7,500 19,000 9.4 
6,750 9,000 5.4 
4,500 6,000 147.0 
Inconel Induction 11,300 15,000 0.5 
7,500 10,000 4.5 
5,600 7,500 88.4 
Inconel Oxy-acetylene 5,600 7,500 4.2 
3,750 5,000 11.0 


Sommaire: Un rapport sur des recherches étendues faites sur les avantages de différentes techniques de brasage 
afin d’obtenir des joints solides entre pieces de molybdéne. 


Applying Test Loads by Vacuum 


United States. When using tension pads to apply test loads to large specimens, there are two objections to the 
practice of gluing the pads to the surface: A long curing time of up to 24 hours is required, and the test surface 
needs cleaning afterwards. These objections are overcome by using vacuum-held pads consisting of a porous 
membrane held against the test surface by an overlapping non-porous layer. Above this is a sponge rubber 
layer, to which a load distribution plate is attached. These plates vary in size to accommodate the pad to the 
curvature of the specimen under test. Vacuum sealing is ensured by a surrounding tape or baulking compound. 
By this means loads of up to 14 lb/sq. inch can be applied. 


Sommaire: Des coussins 4 ventouse ont été développés pour remplacer les coussins collés frequemment employés 
en aéronautique. 


15 — PHYSICS — 15 


Rocket Research in the Upper Atmosphere 


United Kingdom. Rockets now available for high altitude research originated from the V2 rocket which had 
a ground-to-ground range of about 180 miles and reached an altitude of 100 km. in its travels. Its pay-load 
was 1 ton. A combination of the V2 and the W.A.C. Corporal, known by the name of ‘Bumper’, reached a 
maximum altitude of 400 km. and made it possible to investigate F-layer ionisation. Another American design, 
Aerobee, has a gross weight of $ ton, a pay-load of 150 Ib. and reaches a height of 100 km. Further types 
developed since the war are the Viking and the Rockoon. The latter is a small cordite-fuelled rocket which 
is launched from balloons at a height of 85,000 ft. and reaches heights above 100 km. Its essential advantage 
is that it is cheap, costing about £1,000. A rocket designed in France, Veronique, had a gross weight of 1 ton, 
a pay-load of 100 lb. and an operational height of 100 km. Research by means of rockets is expensive as there 
is no means yet available of recovering entire rockets after flight. The cost of constructing rockets is approx- 
mately £20,000 per ton of gross weight. Useful operational life will not exceed a few minutes. There are 
many exceptional conditions having a bearing on the successful operation of instruments in rockets. Apart 
from space conditions there is the effect from the considerable acceleration to which the rocket is subjected, 
ranging from 7 g in the Viking to 60 g in the Rockoon. At heights above 40 km. the rocket moves freely 
in the earth’s gravitational field. Thus there is no gravitational field relative to the rocket, and this proved a 
major obstacle when it was desired to use a diffusion pump in the equipment, for instance. Above 40 km., 
the air pressure is 1 mm. Hg and, as a result, electronic equipment using high voltages must be accommodated 
in pressurised compartments. Recovery of observational data requires elaborate measures which are described 
in detail. One of the most important properties measured in practice by rockets are pressures at high altitudes. 
The range involved is from 108 to 10-3 mm. Hg. Several types of gauges have been used including ionisation 
gauges of the Philips type and Alphatron type, as well as Pirani gauges. A modified type of Pirani gauge, 
developed by Havens, where the element is enclosed in a cyclically operated bellows has also been used. The 
bellows produce a pressure modulation which gives rise to an a.c. signal independent of the d.c. zero drift. 
This makes it possible to use the gauge over the whole range of pressures in question. Difficulties arising from 
the lateral wind field, due to either a true atmospheric wind or yaw, are dealt with by taking appropriate 
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averages, and it is thought that in this way measurements taken up to 100 km. are accurate to at least 20%. 
Similar details are given of methods employed for density determination. A successful method for measuring 
the temperature at high altitudes is based on the Taylor-Maccoll theory applied to the pressure distribution 
on the conical nose of the rocket. By this method one can determine the Mach number from pressure measure- 
ments at the tip and on the side of the cone. Methods employed for the sampling of high altitude air, in order 


to obtain evidence for gravitational separation of atmospheric components, are described. Bennett r.f. mass Article by 
spectrometers have been used for the direct determination of the composition of the atmosphere at altitudes _— a Boyd 
as high as 137 km. po “oy uly 195 ‘ 
Sommaire: Description de la construction des rockets et des rockets pour les recherches au dessus de l’atmosphére, "435-448 


An Atomic Standard of Frequency and Time Interval 86/1 


United Kingdom. A frequency standard based on a natural resonant frequency of the caesium atom has been con- 
structed at the National Physical Laboratory and is used for calibrating quartz clock standards with an accuracy 
of + 1 part in 10° (0.0001 sec./day). The technique used is that of atomic beam magnetic resonance developed by 
Rabi et.al. The apparatus described is of an experimental character to facilitate study of the effects of a wide 
range of parameters on the resonant frequencies. The atomic beam chamber is evacuated by oil-diffusion 
pumps, and the r-f. field, for exciting the resonance, is applied to two cavity resonators, coupled to an oscillator 
by means of wave-guide feeds on top of the chamber. When operational conditions have been explored more 
fully, a simpler model will be designed. The resonance employed as the frequency standard originates from transi- 
tions between the hyperfine energy levels caused by nuclear and electron spin interaction. By applying a small 
uniform magnetic field, these energy levels can be split into their Zeeman components, and the frequency of 
the central line is then a constant of the atom, virtually independent of field. It is proposed to use the value of 
field which makes the frequency of the adjacent (3.1 — 4.1) line exactly 500 kc/sec. higher than that of the 
central line. The frequency of the central line under these conditions was found to be 9,192,632,050 + 10 
c/sec. in terms of the present adopted quartz standard frequency based on a time-scale estimated by the 
Royal Greenwich Observatory. The apparatus will be used for periodic checks on the quartz clock, the current 
time-standard. A comparison between these observations and values derived from the unit of Universal 
Time should yield information on the variation of the period of rotation of the Earth which currently limits the 


accuracy of frequency standardisation. The advantage of an atomic standard over astronomical determinations Note by 

is that the precise value of the unit of time can be determined in a few minutes, instead of over a year in retro- L. Essen & 
spect. The results so far determined are the first to be made more accurately than by astronomical means. J. —— Parry 
Sommaire: On donne des détails d’une fréquence standard basé sur une fréquence de résonance naturelle de 176, 13.8.1955 
l’atome de caesium employée dans le calibrage de l’horloge a quartz avec une précision de + 1 part dans 109. 280-282 


Definition of the Second of Time 


United Kingdom. Comments are made on the information reported in Abstract 86/I. The definition of the 
current unit of time, 7.e. the second, is based on Ephemeris Time derived from the motion of the moon. It is 
shown why the accurate determination of the unit of time may take several years, if an accuracy equivalent 
to that obtained by an atomic standard is desired. It appears that the atomic standard is superior to the 
conventional astronomical second, for instance in the case where refined standards are required in laboratory 
work. A compromise is suggested whereby a ‘physical’ second in terms of the atomic standard frequency 
should be defined so as to be in agreement with the current estimates based on astronomical observation. It 
may be expected that the times shown by atomic standard and astronomical clocks may differ after a period, 


particularly in view of the hypothesis advanced by Dirac and others who claimed that the ‘constants of physics’ Note by 
may alter by amounts of the order of 1/7 per year where T is the age of the Universe in years. E. jonas 
Sommaire: Commentaires sont faits sur l’avenir d’un fréquence standard atomique, employée comme temps 176, 13.8.1955 
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standard en rapport de la seconde astronomique établie. 


High Energy Physics 88/I 
United States. An introduction is given on the mechanism involved when individual bombarding particles 
of high energy effect nuclear disintegrations, i.e. on processes performed in modern particle accelerators. 
The basic unit for measuring particle energy is the electron volt, defined as the energy acquired by a particle 
having the charge of an electron when it falls through a potential difference of 1 volt. The corresponding 
unit normally employed is MeV (million electron volts). The binding energy of nucleons is of the order of a 
few MeV. When the relativistic relation between mass and energy is used, the mass of a nucleon corresponds 
to nearly 1,000 MeV. High energy processes are defined ad hoc in this article as those involving particles of 
around 100 MeV and above, 7.e. many times greater than the binding energy of the nucleon and not far from the 
energy at which meson production starts. High energy particles of this kind are represented in nature by 
cosmic rays. They can be artificially produced in machines known as particle accelerators. There follows 
a description of various particle accelerators operated at the University of California. The synchro-cyclotron 
accelerates protons to an energy of 350 MeV. The synchrotron accelerates electrons to 330 MeV. The Bevatron 
(‘Billion Electron Volts‘) accelerates protons to an energy of 6,000 MeV. In order to give a detailed explanation 
of nuclear disintegration processes performed in such machines the author describes the first experiment carried 
out on the Berkeley cyclotron involving the acceleration and disintegration of deutrons. The latter are nuclei 
of heavy hydrogen and are each composed of a proton and a neutron. The energy was 190 MeV. A list is given 
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of currently known ‘fundamental’ particles, see table reproduced below. ‘Old-fashioned’ particles refer to those 


Table of Particles 


Electric 
Name Charge Mass 


Nucl Proton +1 1836 
‘Old- ucieons ‘| Neutron 0 1839 
Fashioned’ Electron, Positron —1,+4+1 1 
Particles Photon 0 
Neutrino 0 


‘Ordinary’ | 7-Mesons (Pions) = +1 
Masons u.-Mesons (Muons) | 207 


K-Mesons Masses between 


‘New’ (about 7 known) pions and nucleons 
Particles Hyperons Masses greater 
(about 4 known) than nucleons 


known before the middle of the 30’s; ‘new’ particles have only been discovered in the last half-dozen years. 
The electric charges and masses are given in terms of the electronic charge and mass, the latter having an 
energy equivalent of 0.51 MeV. The properties of these particles are discussed, in particular the decay phenomena 
of artificially produced positive and neutral mesons. Particles in the third category are not sufficiently known 
to be adequately classified but a division by mass into hyperons and K-mesons has been provisionally made 


Article by and it seems that the particles are produced in pairs, one of each group. Photographs are shown of the tracks 
1. ae of both particles recorded in a bubble chamber and photographic emulsion respectively. 
43, J uly 1955 Sommaire: Une introduction générale sur les procédés et le mécanisme de la désintégration nucléaire produite 
420-430 par bombardement de particules individuelles, comme dans le moderne accélérateur de particule. 


Berkeley Proton Linear Accelerator 
See Abstract No.: 35/IV 


89/1 


90/1 Stanford High-Energy Linear Electron Accelerator (Mark III) 
See Abstract No.: 36/IV 


91/I The 156-inch Cyclotron at Liverpool 
See Abstract No.: 40/IV 


92/1 Radioactive Tracing VII. Radio-Isotopes in the Research Laboratory 


United Kingdom. The uses of radioi-sotopes in the research laboratories are reviewed. Among the physical 
measurement methods employing radio-isotopes, two vacuum methods are mentioned: (a) Volume Measurements 
of Irregular Spaces. The apparatus designed for this purpose consists of two glass bulbs which are connected to 
a high vacuum manifold and to a Geiger-Miiller counter fitted with a ground-glass socket adaptor. The latter 
is shielded to ensure that only the gas sample in the connection to the Geiger-Miiller counter is counted. The 
apparatus is calibrated by introducing a constant weight of labelled gas and checking on the counting rate. 
Then a sample of known volume is added to one of the glass bulbs (e.g. liquid mercury) and the counting rate is 
determined. Finally, the unknown sample is substituted for the sample of known volume and the counting rate 
is determined again. As the counting rate is proportional to (weight of gas) / (free space volume) in each case, 
the proportionality of the counting rate determines the unknown volume. (b) Measurement of Low Vapour 
Pressures. Details are given of an apparatus which facilitates the pressure determination of such compounds 
as *6C]-labelled 2 : 4~dichlorophenoxyacetic acid. It consists of a reservoir where the material to be tested 
is kept and which is connected via a stopcock to a vacuum manifold. After evacuation and after chilling the 
material in the reservoir, the stopcock is opened and the vapour is allowed to diffuse through the remainder 
of the apparatus which consists of another bulb with a finger attached to it, until equilibrium is reached. 
By chilling the finger, the vapour which has reached the second bulb is caused to condense, and after removal 


Article by of the finger the activity of the condensate is determined by an immersion type of Geiger-Miiller tube. The 
F. P. W. counting rate obtained is a measure of the total vapour trapped in the second bulb, and facilitates the calcu- 
Winteringham lation of the vapour pressure of the sample. Similar details are given of atmospheric methods involving the 
ee a oo use of radioactive isotopes in reactions in chemistry and biochemistry. 
- 370-374 Sommaire: On passe en revue l’emploi de radio-isotopes dans le laboratoire de recherche. 


93/1 Radioactive Tracing V. Preparation and Assay of Labelled Compounds 
See Abstract No.: 105/I 
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Radiocarbon Dating System 
See Abstract No.: 139/III 


Twin Knudsen Effusion Apparatus for Small Samples of Radioactive Materials 
See Abstract No.: 114/II 


A Direct Measurement of the Energy Locally Absorbed from a Gamma-Ray Beam 


Canada. The energy absorbed by a material when exposed to y-radiation is normally determined by indirect 
measurement with the help of ionisation chambers using the Bragg-Gray formula. Two quantities are required 
to calculate the results: W the average energy required to produce an ion pair and ¢ the ratio of the stopping 
powers of the material and the ambient gas. Measurement is difficult because of the small temperature rises 
involved, e.g. in the case of water and a dose of 300 r, the temperature rise is only 6.7 x 10°C. An improved 
method is described employing thermistors which facilitate indication of temperature rises of less than 10° °C. 
A small cylinder of the material to be tested, about 2 cm. diam. and 2 cm. length, is suspended in a radiation 
calorimeter consisting of an evacuated cylinder with aluminised glass walls, placed in a tank of water. Thermis- 
tors and heating core are embedded in the material. A dummy cylinder suspended in another evacuated vessel 
not exposed to radiation also carries a thermistor, and the two thermistors are connected to the opposite 
arms of a Wheatstone bridge. On irradiation, the voltage in the bridge will be unbalanced and will be recorded 
by a potentiometer. In the arrangement described, thermistors of 100,000 ohm with a negative temperature 
coefficient of — 4.7% per degree at 25°C, have been used facilitating an indication of a temperature change of 
108°C. Results of experiments carried out with the new equipment on aluminium and carbon exposed to a dose 
of 30 r per minute are compared with the results obtained with the conventional method. 


Sommaire: Description d’une nouvelle méthode de mesure de l’énergie localement absorbée par un faisceau de 
rayons-gamma, employant des thermistances comme éléments détecteurs. 


Relation to Diffusion Measurements of Some Beta-Ray Absorption Phenomena 


United States. By depositing a thin layer of radioactive materials on a plane sample surface and measuring F; 
the fraction of surface activity remaining after a diffusion anneal of duration f, it can be shown that F = F(u? Dt) 
where D is the diffusion coefficient and yu is a constant given by N/No = e7#* where N and Noare the activities 
with and without an absorbing layer of thickness ¥. This surface counting method was used to measure the 
diffusion of ®°Co in some }-inch thick nickel-aluminium alloy samples coated with an evaporated film of ®°Co. 
The source was placed 4 inch below the collimator in a lead holder, and the Geiger tube window was ? inch above 
the collimator. Thin foils of the nickel-aluminium alloys were unobtainable, so separate results were obtained for 
the individual metals and this data was combined, allowances being made for differences in lattice spacing and 
composition. The two thinnest aluminium foils of about 2 mg./cm?. and less were obtained by evaporating 
aluminium on to a zapon substrate. Reproducibility was shown to be better than 2% but it was found thate-v* 
resulting curves did not provide the linear extrapolation to zero at zero thickness, expected from N/No = the 
and showed a maximum activity between 0 and 4 mg./cm?. for both nickel and aluminium. The reasons for 
this were investigated and additional absorption measurements were made with a new source prepared by 
evaporating ®°Co on to a thin aluminium foil. It was concluded that the maxima were due to changes in the 
angular distribution of the 8-rays when a thin foil was placed over the source. Close contact between the alumi- 
nium layers and the source was then obtained by evaporating the aluminium directly on the source. Nickel 
films of required thicknesses were not easily producible by evaporation and they could not be electroplated on 
to the 6°Co, since cobalt replaces nickel in solution. Cobalt films were therefore deposited on to the source, 
no great error being involved since cobalt and nickel are very similar chemically. The equations of the curves, 
which best fit the results, were combined to give the absorption in the nickel-aluminium alloys. It is con- 
cluded that, in these experiments, evaporated or electroplated absorbing layers are preferable to foils and that 
the distance between source and Geiger tube should be made a minimum. It is also suggested that the absorp- 
tion region containing the maximum may be avoided by placing a foil between the Geiger tube and the sample, 
making sure that the position and condition of the foil remains constant for all measurements. 

Sommaire: L’absorption de rayons 8 provenant de ®°Co par les couches minces de nickel, d’aluminium et de 
cobalt, a été mesurée en rapport avec l’emploi de la méthode de ‘surface counting’ pour déterminer les coeffi- 
cients de diffusion. 


Developments in Apparatus for Deep X-Ray Therapy 
See Abstract No.: 149/I 


Continuous Emission Spectra of Rare Cases in the Vacuum Ultra-Violet Region 


United States. Hopfield, using a transformer and condenser in order to produce a disruptive discharge, obtained 
a strong emission continuum of helium in the region 500-1,125 A at a pressure of 1 mm. Hg of the gas. At 
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103/I 


slightly higher pressures a similar continuum was found for neon employing the same form of excitation. Con- 
tinua for other rare gases were found by previous workers employing micro-wave discharges. In order to 
investigate any similarities in the appearance and in the dependence on the form of excitation between the various 
continua, the authors investigated the conditions for zenon and argon employing transformer discharges, 
either silent or disruptive. The tube employed had a diameter of 4 mm. and was 13 mm. long. The transformer 
was of the type used for advertising signs and was rated 15 kV, 0.9 kVA. Xenon, krypton and argon were 
investigated at 140, 180 and 500 mm. Hg pressure respectively. It was found that in each case continuous 
emission spectra in the vacuum region could be produced. In the case of xenon, two continua appeared, one 
commencing at 1,470 A and extending with decreasing intensity to longer wavelengths, the second appear- 
ing at 1,700 A and extending with decreasing intensity in both directions. With a silent discharge, at 30 
mm. Hg, the continua appeared as one, extending to about 1,900 A. At 80 mm. Hg, several absorption 
bands were seen on the longer wavelength side of the resonant line and at still higher pressures only the 
second continuum appeared in the region of 1,500 to 2,250 A. Employing the disruptive discharge, 
the maximum intensity was at about 1,680 A and generally the intensity of continua was double that ob- 
served in the case of the silent discharge. But this ratio depended on the pressure of the xenon and the 
length of the spark gap. The position and intensities of the krypton and argon continua differed from 
those of the xenon but otherwise appearance was similar. Intensity was particularly low when the 
silent discharge was employed. At 80 mm. Hg, in the case of krypton, and 200 mm. Hg in the case of argon, 
absorption bands appeared, but at higher pressures both these and the first continuum were depressed by 
self-absorption of the resonance line. The outcome of previous experiments indicated that the second xenon 
continuum results from the transition between the excited 3ZXu and the ground state 1Zg+ of the xenon 
molecule, the former dissociating to Xe (5p® 1S) + Xe (5p56s3P). The author suggests that the similarity of 
the krypton and argon continua to that of the xenon continuum established in the present experiments when 
excited under similar conditions, permit the conclusion that a similar mechanism is responsible for the pro- 
duction of the continua in the case of the former two gases. Since rare gas continua are easily reproducible 
and are not confused by many emission or absorption lines, they should greatly assist in the study of absorption 
spectra in the vacuum region. 


Sommaire: On a obtenu en continu les spectres d’émission du krypton et de l’argon, semblables en apparence 
au xénon, rapporté auparavant, en employant un transformateur ordinaire a décharge. 


Nex Xenon-Light Source for the Vacuum Ultra-Violet 
See Abstract No.: 67/I 


Use of the Gliding Spark for Spectro-Analysis in the Far Ultra-Violet 
See Abstract No.: 65/I 


Light Amplifier 

United States. A light-intensity amplifier is described which consists of a zinc sulphide film deposited on a 
silver paste layer applied to a glass substrate, the zinc sulphide film being covered by a transparent titanium 
dioxide film. If exposed to ultra-violet light, faint yellow emission will take place. If, in addition, a d.c. field 
of 100 V is created between the base and the covering film, an emission of 10 times the number of photons 
absorbed by the phosphor film is obtained, this amplification occuring only when both ultra-violet light is 
incident and d.c. voltage is applied. 

Sommaire: On donne une bréve description d’un composé luminescent qui, lorsque exposé a la lumiére ultra- 
violette et soumis en méme temps a un champ electrique, donne une amplification appréciable de ]’intensité 
de la lumiére. 


Transparent Phosphor Coatings 
See Abstract No.: 57/I 


Recording Vacuum Infra-Red Prism-Grating Spectrometer 


United States. The instrument is designed to be operated by relatively unskilled personnel. Both prism and 
grating spectra can be obtained and recorded by a semi-automatic mechanism. The source consists of a carbon 
rod about 3/32-inch thick along its central portion and held between a fixed and a flexible clamp. It is heated 
to about 1,500°C, the clamps and chamber being water-cooled, and is mounted in an evacuated chamber, the 
radiation passing through a potassium bromide window to the specimen chamber. In the latter, the radiation 
is focused through the specimen cell by a spherical mirror then passed through an aperture and a curved 
entrance slit. The curvature of the slit matches that produced by the spherical mirror on the image of the 
source. From the entrance slit, the radiation passes through another potassium bromide window into the V- 
shaped main vacuum tank. Here it is collimated by a parabolic mirror, directed through a 60° potassium- 
bromide prism and returned by a Littrow and Wadsworth mirror combination and re-focused by the parabolic 
mirror on to a slit in a large plane mirror through which it passes into the grating spectrometer. This uses two 
mirrors, each 9 inch. in diameter and of 1 m. focal length, for collimation and for the ‘telescope’, and has a 
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choice of 3 plane aluminised echelette replica gratings mounted on a triangular block so that any one can be 
brought into use by means of a remote control mechanism. The range from 1 to 20 microns is covered by grat- 
ings of 7,500, 1,800 and 1,000 lines per inch, each being 44 inch. x 6 inch. The radiation ultimately falls on a 
thermo-couple, the output of which is amplified and recorded. When grating spectra are being obtained, 
the triangular block is turned so as to bring the required grating into the beam and is then rotated slowly by 
a very accurate worm gear. Meanwhile the prism, acting as a monochromator, is rotated in synchronism by a 
second worm gear. Both gears are driven by servo-motors inside the tank, the master servo-generator being 
on the control panel. Prism spectra are obtained by driving the prism motor only, the radiation then being 
reflected onto the thermo-couple from one of the gratings, or from a plane mirror which is also attached to the 
triangular block. The angular positions of prism and gratings are indicated continuously by revolution counters. 
Choice of shutter material and adjustment of slit width are controlled remotely by Selsyn motors. The vacuum 
tank is of 5/16-inch welded steel, the removable end and top plates being bolted on and sealed by greased 
rubber gaskets. The reproducibility obtained with gratings is found to be better than 10-4 » at 2.5 u. Records 
are reproduced showing the 10.54 band of ammonia and the 15y band of carbon dioxide. 


Sommaire: Description d’un spectrométre permettant la mesure de spectres dans la région de 1 4 20 microns. 
Cet appareil est self-enregistreur et peut étre manipuler par du personnel non qualifié. 


The Quantitative Application of Infra-Red Spectroscopy to Studies in Surface Chemistry 


United States. Infra-red spectroscopy is particularly suited for studying the surfaces of solids, provided 
that these have large areas and that the ground particles are less than 1 uz in diameter. It is also necessary for 
the solids to be suspended in a matrix for mounting in the spectrometer. Stimson and O’Donnell mixed the 
samples with finely ground potassium bromide and pressed discs from them in an evacuated die. Schiedt con- 
firmed the improved transmittancy of solids thus suspended, and examined various salts for use as matrices. 
His method has now been explored using a modified die. The assembly consists of an external vacuum chamber 
with a vacuum-tight plunger of 3-inch. stroke. The die rests on the chamber bottom and comprises a die 
plunger, die body and anvil. To facilitate rapid evacuation, two holes are provided in the side of the die body, 
the die plunger being held free of the holes by a coiled spring. The die plunger has a 0.0005 inch clearance 
and is designed to produce pressings of 22 mm. diam. A pressure of 20 tons is applied. Potassium iodide 
was employed as mounting material because of the short pressing times required (about 5 min.). The salt 
to be studied was re-crystallised and ground. 10 g. of the powder was mixed with the ground potassium 
iodide, and the mixture then re-ground. An aliquot sample of 1 g. was taken for pressing. The plates obtained 
were approximately 0.8 mm. thick. Evacuation was carried out with a rotary vacuum pump. It should be slow 
(about 2 min.). The method was tested first with 2, 4, 6, 8, and 10 mg. samples of benzoic acid per 1 g. of 
potassium iodide. Organic flocculants adsorbed on the surface of clays could be detected by the method. 
Some results for the adsorption of oleic acid on fluoride and ammonia on silica-alumina catalysts are reported. 


Sommaire: Des détails sont donnés sur un appareil récemment développé, facilitant la production de matrices 
claires pour la spectroscopie des infra-rouges. 


A Simple High-Temperature Microwave Spectrograph 

United States. Many materials suitable for study by the microwave absorption method have too low a vapour 
pressure to be studied by that method at room temperature, e.g. the alkali halides. A microwave spectrograph 
which facilitates operation at 600°—-1,000°C is described. The design of such an instrument for high temperature 
work presents many difficulties with regard to the construction materials available. The instrument consists 
essentially of the microwave power source, a piece of stainless steel waveguide 5} ft. long, a furnace and absorp- 
tion detection equipment. The waveguide, of standard K-band internal dimensions, consists of three separate 
pieces, the centre piece being 40 cm. long and fully enclosed in a Vycor tube of 25 mm. diam. This latter part forms 
the sample cell. The septum consists of 0.02-inch thick stainless steel and is supported by quartz strips. Evacua- 
tion is carried out by an oil diffusion pump unit through a Vycor tubing side arm which serves at the same time 
for carrying the electrical leads to the waveguide and Stark septum. The sample is introduced in solid form and 
weighs approximately 3 g. The Vycor tube has to be sealed afresh after each loading. At 600°C a considerable 
amount of gas is normally evolved, but this is removed by pumping for 15-30 minutes. Pumping is continuous 
during the observation period in order to prevent accumulation of foreign gas in the cell. The cell waveguide is 
fed with microwave power by butting flanged pieces of waveguide up against the quartz windows at the ends of 
the cell. Details of the furnace and temperature control equipment are given. The furnace requires a supply 
of 0.7 kW and can be brought to 700°C within 90 minutes. Absorption lines in KC1, NaCl and KBr have been 
successfully detected with this apparatus. The Stark frequency employed in the apparatus was 6 kc/sec. 
This was satisfactory in all but one respect, 7.e. there was ‘guide noise’ which affected the sensitivity of the 
measurements. 

Sommaire: Des détails sont donnés sur une cellule d’absorption de micro-onde, executée pour travailler a 
des températures comprises entre 600 et 1,000°C. 


New Design of a Vacuum Jacket Precision Combustion Calorimeter 

United States. In order to facilitate the determination of small differences in the heat of combustion, obtained from 
samples of different artificial graphite, with a degree of reproducibility equal to a maximum deviation of indi- 
vidual values from the mean of | part in 10,000 within a series of results, a precision combustion calorimeter 
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was constructed which is based on, and represents a development of, the calorimeter described by H. C. Dickin- 
son in 1915 (National Bureau of Standards Bull. 11, 189). In the original design the best maximum deviation 
from the mean obtained in benzoic acid combustion was 5 parts in 10,000. The heat leakage in the old design 
was 0.0024°C per min. per °C. The new design provides for the evacuation of the air gap between the calorimeter 
can and the jacket by means of an oil diffusion pump, total immersion of the calorimeter assembly in a constant 
water bath provided with stirring arrangements, and the use of a platinum resistance thermometer within the 
calorimeter assembly replacing the Dickinson type of thermometer. The improved design has an overall heat 
leakage not exceeding 0.0004°C per min. per °C difference in temperature. The results of five successive benzoic 
acid combustions carried out in the calorimeter show a maximum deviation of 1.3 parts in 10.000. Detailed 
working drawings of this calorimeter are available on application to the authors. 


Sommaire: Description d’une chemise d’isolement a vide, qui est un développement de celle que Dickinson 
publia en 1915. 


Heat Transfer from Wires to Gases 
See Abstract No.: 21/IV 


Heat Transfer in the Condensation of Metal Vapours: Mercury and Sodium up to Atmospheric Pressure 


United States. Published measurements on the heat transfer coefficients of condensing metal vapours are scanty 
and seem to give considerably lower results than those predicted by the theoretical Nusselt relation for 
film-wise condensation. Some experiments were therefore made to study the condensation of mercury 
and sodium vapours on various metal surfaces under controlled conditions. The apparatus for mercury 
consisted essentially of an induction-heated boiler made of tubing of about 4 inch. diam. and 24 inch. 
high, with an extension section in Pyrex for observation purposes. Through the top cover of the boiler 
was inserted the condensing surface, in the form of a tube of about } inch o.d., cooled by air or water 
circulation, and a connection to a vacuum pump v7a an auxiliary condenser. Details are given of measures taken 
to ensure leak tightness and cleanliness. The apparatus for condensing sodium vapour was generally similar 
to that for mercury. For measurements of vapour or liquid surface temperatures, thermocouples of various 
types were used; in some cases the condenser tube was built up of two different metals to act as its own thermo- 
junction. Inlet and outlet temperatures of the coolant were measured by mercury thermometers. Visual 
observations showed that the condensation of mercury vapour on stainless steel was invariably drop-wise, 
but on carbon steel it tended to change slowly to film-wise after long periods of running. Condensation on 
copper-plated steel and clean nickel surfaces was always film-wise. Mention is made of the effect of ripples and 
turbulence in the condensed liquid, and photographs of the various modes of condensation are shown. The 
measured values of the heat transfer coefficient h in B.T.U./sq.ft. hr.°F are compared with those given by the 
Nusselt relation, and are found to be always lower, especially at high condensing vapour pressures. Thus 
some typical values of h for mercury in mainly film-wise condensation were found to range from about 2,500 
at atmospheric pressure to about 10,000 at 1 p.s.i.a., which were about 10% and 70% respectively of the theoreti- 
cal figures. Similar results were obtained for drop-wise condensation and for sodium vapour. Various possible 
causes of the discrepancy are discussed, but no theoretical explanation is advanced to account for it. 


Sommaire: On donne des détails sur une série d’experiences d’une étude de coefficients de transfert de chaleur 
du mercure et de la vapeur de sodium. 


Metal-Film Resistance Thermometers for Measuring Surface Temperatures 


United States. A thin metal film of less than 1,000 A deposited on a non-conducting surface by vacuum evapora- 
tion provides a means of determining electrically the average temperature of the surface. The authors investi- 
gate the suitability of various metal films for measuring temperature in this way and describe the use of such 
thermometers in determining film coefficients for condensing vapours. Advantages of this type of thermometer 
are that the metal films can be made thin enough to have negligible thermal resistance and capacity and thus 
a true surface temperature is recorded. They respond quickly to changes in temperature and do not obstruct 
the flow of heat or fluid over the surface. The films used should be resistant to corrosion and abrasion and 
their electrical resistance should vary only with temperature. The metals tested were chromium, nickel, 
Inconel, silver, aluminium and germanium evaporated on to glass and quartz plates. Electrical contact with 
the films was made by copper wires soldered to layers of platinum which were fired on the plates. Evaporation 
was carried out in a chamber made from a boro-silicate glass T-tube equipped with ground joints at the open 
ends. The tungsten filaments were introduced through the two straight-run openings of the chamber and the 
vertical part was connected to a cold trap and a mercury diffusion pump capable of exhausting the chamber 
to a vacuum of 10° mm. Hg. The sources were heated to a temperature equivalent to a vapour pressure of the 
material of about 10-2 mm. Hg. After deposition, a protective coating of calcium fluoride, magnesium fluoride or 
silicon monoxide could be deposited if required by connecting the heating current to a second filament. Subse- 
quently the films were annealed and their electrical properties tested by means of a modified Wheatstone 
bridge circuit. Chromium, nickel and Inconel gave satisfactory films, chromium yielding the only completely 
stable films. The ratio of the resistivity of the thin film to that of the bulk metal was as high as 150 for chromium 
and nickel when the film thickness was less than 100 A. Temperature coefficients of resistivity of evaporated 
metal films decrease with decreasing thickness and may, as in the case of chromium, pass through zero and 
become negative. Chromium films are considered suitable for periodic temperature measurements over a long 
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time and nickel films for ‘dynamic’ tests requiring a few accurate measurements in a short time. The ther- 
mometers are suitable for temperatures up to 200°C in their present form. This temperature measuring technique 
was applied to the measurement of film coefficients for the condensation of 14 organic vapours on the outer 
surface of a horizontal glass tube. Many other applications, such as the determination of thermal conductivities 
of solids are possible. 


Sommaire: Description d’une nouvelle méthode de mesure de la surface de solides, employant des couches de 
métaux tels que chrome ou nickel, évaporés sous vide, comme thermométre 4a resistance. 


Apparatus for Measuring the Thermal Conductivity of Metals in Vacuum at High Temperatures 
See Abstract No.: 185/I 


Plutonium: Evaporation Tests, Ionisation Potential and Electron Emission 


United Kingdom. Two series of experiments are reported, carried out in connection with a programme of ion 
source development. The first were concerned with the evaporation characteristics of plutonium when employing 
different crucible materials. The crucible, 3 mm. internal diam. by 5 mm. deep, formed part of an electron 
bombardment furnace. The electron source consisted of 0.4 mm. tungsten wire wound into a 3} turn helix 
9mm. diam. and 5.5mm, long. The filament was surrounded by a cylindrical shield. The assembly, supported 
by a metal tube held in a glass pinch, was mounted in a glass sphere of 1-l. volume connected to a diffusion 
pump unit. The two electrical supplies were variable from 0 to a maximum of 8V 14A a.c. for the filament 
and 500 V ? A d.c. for the bombardment. The pressure was measured by an ionisation gauge and the tem- 
perature by an optical pyrometer. The plutonium was in flake form, somewhat oxidised on the surface, the 
charges varying from 30-100 mg. Plutonium has a melting point of 640°C but evaporation did not commence 
below 1,430°C and was indicated by a blue glow, together with a decrease in pressure and an increase of electron 
emission from the filament. Heating at 1,480° for half-an-hour resulted in the evaporation of over 90% of the 
charge. The residue, probably the oxide scale, could only be removed by raising the temperature to 1,800°— 
1,900°C. The vapour pressure was determined at about 107? mm. Hg at 1,450°C. The deposits (on quartz 
substrate) had the appearance of steel and were good electrical conductors. The best crucible materials were 
tungsten and tantalum. Graphite, either pure or coated internally with alumina or beryllia, was unsatisfactory. 
In the second series of experiments a small tungsten basket-type of evaporation source was positioned so that 
the plutonium could be evaporated on to a hot tungsten filament. Either positive ion current or the electron 
emission from the filament could be measured by appropriate potential differences applied between the filament 
and the collector. It was found that when 1015 to 1016 plutonium atoms/cm?/sec were incident on a 2,600°C 
tungsten surface about 7% left ionised. At 2,300°C the ion production was reduced to about one-fifth. The 
electron emission from plutonium-coated tungsten (and tantalum) surfaces became significant at 1,000°C and 
was similar to that from thoriated tungsten. The ionisation potential of plutonium was calculated, using 
Saha’s equation, from measurements of the saturated electron and ion emission under the experimental con- 
ditions described and was found to be 5.1+0.5 eV. 

Sommaire: Les caractéristiques d’évaporation du plutonium, lorsque différents matériaux sont utilisés pour la 
source d’évaporation, l’ionisation du plutonium, l’émission saturée d’electrons de surfaces en présence de 
vapeur de plutonium, ont été étudiées. 


Growth of Lead Fluoride Crystals from the Melt 


United Kingdom. Lead fluoride crystallises from the melt in the cubic form. It is stable in air, and trans- 
parent to about 2,800 A. Its optical properties render it suitable as a prism material for spectrographic work. 
Points to be considered when growing lead fluoride crystals from the melt by the Stockbarger method are 
discussed. The material employed in the experiments was of the extra pure grade available commercially. 
The vapour pressure of the material is about 1 mm. Hg at its melting point. For this reason the vacuum furnace 
has to be filled with an inert atmosphere at a somewhat higher pressure to avoid sublimation of the material, 
which is melted in a graphite crucible with a lid, having a small hole in the centre. Two furnaces were used, 
one permitting the growth of crystals of 34 cm. diam. and the other of 10 cm. diam. Prior to the actual crystal 
growing process and after introducing the salt into the crucible, the furnace was evacuated for 24 hours at a 
pressure of 1-5 y. Subsequently the material was held at 70°C for another 24 hours in the evacuated furnace. 
This was followed by a period of heating up to 600°C at the same pressure. At the end of this period nitrogen 
was introduced and at 700°C the diffusion pump was switched off adjusting the nitrogen flow to give the required 
pressure. The furnace, fitted with a horizontal baffle in the centre, was kept at 870°C at the top and at 770°C 
at the bottom during the crystal growing process. After steady temperature conditions had been obtained 
the crucible was gradually lowered at a rate of 1 mm. per hour into the bottom half of the furnace until crystal- 
lisation was complete. Cooling took about 3 days. The refractive indices of crystals produced in this manner 
have been determined for various wavelengths in the visible spectrum and are given ina table partly reproduced on 
the next page. The crystals are sensitive to thermal shock and must not be touched by hand when being ground or 
polished. All materials and tools coming into contact with the crystal during optical working must be of the 
same temperature as the crystal. Optical working of the crystal is made easier if the crystal is annealed. 
Details of an annealing procedure are given. 
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Article by 
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Line Wavelength (A) (em) 
1.75577 795 

1.76626 1395 

1.76635 
1.78026 
1.79744 
1.81554 


6907.5 
5895.932 
5889.965 
5085.822 
4471.482 
4046.56 


Hg red 
Na D 


2240 
3590 


Cd Green 
He Violet 
Hg Violet h 


Sommaire: Discussion sur l’application de la technique de Stockbarger pour faire des cristaux de fluorure de 
plomb. 


A Microscope Hot Stage 


United States. A compact microscope ‘hot stage’ which can be constructed cheaply and has been employed 
successfully in the study of thermal etching effects, the progress of fatigue cracks, crystallisation, etc., is descri- 
bed. It.permits heating of the specimens up to 1,800°F and evacuation to pressures of about 2 x 10-5 mm. Hg. 
The unit consists of four sections: The furnace, the optical system, the cold trap and the vacuum pumping unit. 
The furnace section is positioned below the optical system which consists of a bench-type microscope, illumi- 
nating lamp and a vertical-type metallographic camera, suitable for photographs of up to x 500 magnification. 
The furnace shell is a water-cooled brass cylinder closed at the top by a Vitreosil plate. The specimen is suppor- 
ted by a hollow stainless-steel column situated in the centre of the shell and is surrounded by the resistance- 
heater unit consisting of an Alundum tube wound with molybdenum wire. The specimen temperature is 
measured by a thermo-couple passed through the hollow supporting tube. Details are given of the vacuum 
seals employed for the electrical supply and the instrument connections. The furnace shell rests on the flange 
outlet of the liquid nitrogen cold trap which in turn is resting on the inlet of the 2-inch oil diffusion pump. 
The liquid nitrogen is contained in a Vycor sphere positioned in the centre of the trap chamber. Topping-up 
can be effected without breaking the vacuum. Baffles are provided in suitable positions. In operation the cham- 
ber is evacuated and the temperature of the specimen is gradually increased by means of an auto-transformer. 
Temperature measurements are made with the aid of a potentiometer. The uses of the equipment are demon- 
strated in four illustrations giving the micrographs of SAE 1008 steel showing structures before, during and after 
heating to 1,645°F at x 250 magnification, after preparing the specimen by conventional metallographic means. 
There is evidence of appreciable decarburisation taking place in the upper layers of the specimen which is attri- 
buted to the heating up of the specimen in vacuum. 


Sommaire: On donne des détails sur un microscope compact avec support chauffant, pour les recherches 
métallographiques en laboratoire. 


A Reflection Electron Microscope 
See Abstract No.: 63/II 


An Optical Shadow-Casting Microscope Technique 


United Kingdom. A method of determining the height of small objects by shadow-measurement, suitable 
for optical microscopy, is described. If a small object situated ona microscope slide is illuminated at an oblique 
angle, the length of the shadow cast by the object will be a magnification of the height in the ratio of the 
tangent of the grazing angle. Assuming this angle is 3°, the length of the shadow will be about 20 times the 
height and if the object is viewed at a magnification of x 500 the shadow length will represent magnification 
of the height of not less than x 10,000. However at grazing angles as low as 3°-5° no shadows will appear 
unless a high intensity point source is used and the surface of the slide is treated to scatter the light. A suitable 
treatment for the slide consists of the deposition of a thin silver layer either by a vacuum method or chemical 
deposition and the exposure of this layer to the vapour of aqua regia for 1 minute. Due to the somewhat im- 
perceptible tailing off of the shadow the method is only accurate within 10%. If the light source is arranged 
to be rotated at will, and a graticule consisting of concentric rings is employed in the microscope eye-piece, 
irregularly shaped objects can be measured with success. The method has been used for the examination of 
the surface of diamond crystals. In this case the scattering surface is produced in situ. The depth of ‘trigons’ 
which occur during the growth of the diamond crystal have been assessed in this manner where they were 
too deep for assessment by multiple beam interference techniques. In a particular case illustrated the depth 
was 4 u. The lower limit of the size of the particle which can still be successfully determined by this method is 
2 u because of diffraction phenomena which will become apparent if the object is smaller. Alternative methods 
of producing a scattering surface are described, e.g. igniting magnesium ribbon, and waving, the object to be 
coated through the thinner region of the magnesium oxide cloud for a second, produces a coating indicating 
topographical features with great fidelity. An illustration is shown of a surface of cleavage of a single crystal 
of zinc produced by cleaving with a blade and passing the surface through magnesium oxide smoke. In spite 
of the coarse grain of the coating, topographical features are shown which would not have been suspected 
to be present if examination had taken place in ordinary illumination. 


Sommaire: On donne des détails sur l’application et la portée de l’emploi de la technique d’ombrage pour les 
microscopes. 
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Tolansky Gauge for Rapid Measurement of Film Thickness 

United States. While employing the Tolansky interference method for the determination of the thickness of 
thin films or surface discontinuities, the authors used to measure the displacement of the fringe system at the 
film boundary (relative to the fringe spacing) with a travelling microscope. In this procedure, several readings 
must be taken and much time is consumed by the arithmetical analysis. Measurement is speeded up by a 
device facilitating the determination of the fringe displacement, at the boundary of a thin film, with a single 
observation. In the instrument described, fringe displacement is compensated by lateral displacement of the 
light due to passage through an inclined glass plate, and film thickness is calculated from the compensator 
setting. An image is formed (at unit magnification) of the film boundary and the fringe, and the compensating 
plate is mounted in the plane of the image. The plate can be rotated about a horizontal axis and the specimen 
is so placed that the image of the film boundary is seen in coincidence with the edge of the plate. The rotation 
of the plate away from the vertical, required to bring fringes on either side of the boundary into alignment, 
is then observed, and the compensator is calibrated from the rotation needed to displace either part of the 
pattern through one fringe width. A field of view, about 2 cm. in diam. is obtained and an accuracy of about 
50 A (in thickness) is claimed. 

Sommaire: Description d’un dispositif permettant de mesurer plus rapidement |’épaisseur de couches minces 
lorsqu’on emploie la méthode conventionelle d’interférence de Tolansky. 


Improvements i.o.r.t. Optical Interference Layers 


United States. Plant is described, specially developed for the purpose of producing multilayer coatings such as 
are employed as dichroic reflectors, combined with a device facilitating precision control of the optical thickness 
of the multilayer interference coatings in question. The particular difficulty not previously overcome in 
the development of such control devices is that the desired ray geometry of such optical devices, operative 
when in practical use, could not be duplicated during the coating process. For instance, the new plant facilitates 
the deposition of dichroic reflectors to glass bodies which subsequently are joined to other glass components 
to form a cubical prism with a diagonal light-dividing surface. In this case the layer thickness is designed for 
oblique incidence and for the different rates of change of wavelength of the interference maxima with high and 
low index coatings, which are bound to occur although the same angle of incidence is used for the two media. 
The new control device facilitates photo-electric detection of the layers and indication of intermediate reflection 
values from a monitor plate, which values are inherently calibrated to correspond to the reflection maxima and 
minima occurring in the multiple layer when in use under operational conditions. The monitoring beam is always 
at normal incidence on the monitor plate, a separate area of which is used for each successive layer. Rotation 
of the monitor disc is effected by magnetic means from outside. The wavelength of the control lighting is as 
short as possible to ensure accurate control. The indicating instrument can be calibrated to give a zero reading 
in the absence of any coating on the monitor plate and full-scale reading when a quarter-wave thickness of the 
material deposited has been reached and further deposition of this particular material should be discontinued. 
Details of the control device are given. The coating arrangement proper consists of two crucibles arranged 
below a horizontal shield with a hole in it. One crucible, by way of example, may contain zinc sulphide and the 
other lead fluoride. There is a filament to each crucible, made from molybdenum in the case of zinc sulphide and 
from platinum—iridium alloy in the case of lead fluoride. The two crucibles can be rotated to take up in turn 
position underneath the hole in the aforementioned shield. When evaporation of one layer is completed the next 
crucible is rotated into position under the hole to effect evaporation of the subsequent layer. 


Sommaire: Description d’équipements spéciaux pour le contréle de l’epaisseur optique d’une piéce 4 couches 
multiples, employée comme reflecteur dichroique. 


Review of the Principal Methods of Measuring Refractive Indices 


France. The various methods available for the determination of the refractive index of materials, other than 
metals, in the infra-red region are reviewed. (a) The prism method is the most popular in all cases where a 
sample of the material can be obtained large enough to form a prism from it. (b) The method of total refraction 
is employed in connection with materials, liquid or solid, which are highly absorbing in the infra-red region, 
and makes use of the Abbé refractometer. (c) Interference phenomena are employed in the birefringent method 
and in the study of line spectra. The latter is employed where material to be investigated can be placed in the 
form of a very thin film between two foils which are semi-transparent and little absorbent in the region of the 
spectrum in question. (d) The Christiansen filter ; details of its design and application are given. (e) Calculation 
of refractive indices does not generally give precise results but may be used where other methods have proved 
impracticable. In conclusion, the author states that the measurement of the refractive indices of substances, 
which are not normally employed in optical instruments, is not attempted very often. The accuracy of such 
determinations is still restricted to the fourth decimal. It appears important from the theoretical as well as the 
practical point of view to correlate the refractive index measurement of a substance with the dispersion formulae. 
Generally, the author states that the development of refractometry in the infra-red region, as it stands today, 
is still far from complete. 

Sommaire: Une revue des méthodes actuellement disponibles pour determiner l’indice de réfraction de matériaux, 
dans la région des infra-rouges. 
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Improvements i.o.r.t. Light Filters and Methods of Manufacturing Such Filters 


Liechtenstein. A method is described of combining two or more multilayer interference filters in order to improve 
the pass-band characteristics. Practical applications include a filter which transmits, almost unaltered, the 
whole of the visible spectrum, whilst reflecting, almost completely, a wide range of infra-red wavelengths. 
In one form of the invention, two multilayer units are arranged in sequence along the light path, one unit 
transmitting the visible spectrum and reflecting the infra-red except for certain wavelengths. The second unit 
transmits the visible spectrum but differs in its infra-red reflection, the net result being an almost complete 
reflection of a wide band of infra-red radiation. A diagram shows the transmission and reflection of the two units 
and the composite filter over the range of wavelengths considered. A sharp cut-off in transmission is exhibited 
by the composite filter at 4,000 and 7,000 A. To obtain the characteristics described the following conditions 
have to be fulfilled: (a) Each multilayer should consist of at least six layers. (b) The ratio of refractive indices 
of the high index films to those of low index films should be of the order 2: 1. (c) The thickness of the individual 
component of one group of layers should be 9/27 where 9 is the wavelength corresponding to maximum eye 
sensitivity and m is the refractive index of the layer. (d) The thickness of the individual components of the 
second group of layer should be 4/2” where d is a wavelength differing from 2,. In a diagram shown for a particu- 
lar filter this difference is of the order of 800 A. 

Sommaire: Description d’un combiné de filtres d’interférence a couches multiples qui facilite la transmission 
de la lumiére visible sans presque l’altérer et reflecte complétement les radiations infra-rouges sur une large 
bande de longueur d’onde. 


Graphical Study of the Optical Properties of Thin Films of Low-Absorption Material with a Refractive Index 
Smaller than That of the Substrate 

France. Evaporated or sputtered films with a thickness not exceeding 20 mu have a refractive index approaching 
unity, and an extinction coefficient approaching zero, as the thickness decreases. The author determined, 
by means of a graphical method, the optical properties of films of low absorption, 7.e. the refraction factor, the 
transmission factor and the corresponding phase changes, and investigated the variations of these properties 
when more highly absorbing material is employed for the films. The results of the investigation indicate the 
possible existence of a phase shift of 2 x in the case of reflected light if both the value of the refractive index 
and the thickness of the layer are varied at the same time. 


Sommaire: On étudie par une méthode graphique les variations, en fonction de l’épaisseur, des facteurs de 
réflexion, du facteur de transmission et des changements de phase correspondants, des lames minces légérement 
absorbantes et d’indice de réfraction inférieur a celui du support. 


Dispersion of Zinc Sulphide and Magnesium Fluoride Films in the Visible Spectrum 


United States. While much has been published on the optical properties of materials which can be evaporated, 
little information on dispersion data is available. The present article reports on an investigation into the dis- 
persion and ageing effects of thin films of magnesium fluoride and zinc sulphide in the spectral range of 4,000 
to 7,500 A. The substrates on which the films were evaporated consisted of black glass (Corning Glass colour 
filter, No. 5874) which absorbs all radiation transmitted through the film-glass surface and eliminates back 
reflection on the rear surface. The latter was painted over with black paint as an additional precaution. Evapo- 
ration was carried out at a pressure of 0.1 micron or less. The substrate warmed up during the process to a 
temperature not exceeding 100°C. The magnesium fluoride presented no difficulties with regard to degassing 
prior to evaporation, but the zinc sulphide had to be treated for an hour at 900°C and a subsequent 10 minutes 
at 1,400°C. Evaporation was carried out from a filament source in contact with the salt at a temperature of 
1,350°C. A 20 A wide beam of light of 5,780 A was directed from a constant deviation prism spectrometer at 
an angle of less than 5° to the sample film on the substrate and reflected into a photo-multiplier tube. Reflectivity 
of the film was compared with the reflectivity of the uncoated substrate. As the dispersion of the substrate 
was known the reflectance of the film could be determined. The refractive index was calculated from the 
reflectance measurements at extremes of reflectance. The procedure is based on the formula of Stratton & 
Mooney given in the article. The wavelength at the reflectance extremes of magnesium fluoride shifted towards 
the red during the ageing process. This is confirmed by a change in the value of the reflective index. Films were 
studied at various thicknesses ranging from 2,000 to 8,000 A. The change in the value of the refractive index 
did not depend on film thickness, evaporation temperature or rate of evaporation. The zinc sulphide films 
showed no ageing effects in terms of change of reflectance. The film thicknesses studied were 1,200-6,000 A. 
As before the value of the refractive index did not depend on thickness or rate of evaporation. 


Sommaire: O a aétudié la dispersion et l’effet de vieillissement des couches minces de fluorure de magnésium 
et de sulfure de zinc, dans la région de 4,000 a 7,500 A. 


Transmissivity of Thin Carbon Films 
See Abstract No.: 64/III 
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Study of Thin Metallic Films by Means of Ellipsometry of Reflected Light 
France. The polarisation of light reflected from thin aluminium films deposited on glass has been studied 
for the case of 4 = 0.546 u incident at 45°. The thickness of the film was controlled by a chemical method 
and determined from the mass evaporated. The Chaumont ellipsometer was used for the polarisation measure- 
ments. In place of the normal compensator of the instrument, a mica plate coated with anti-reflection (calcium 
fluoride) layers on both faces was fitted. With the help of this instrument the refractive index and extinction 
coefficient of aluminium were determined from measurements on a thick film, equalling 0.750 and 4.880 res- 
pectively. Thin aluminium films under 50 A appeared to be completely oxidised. At 63 A the phase changes 
of the light reflected in the two azimuths changed sign. In the region of 105-200 A thickness the relation between 
the amplitudes reflected in the two azimuths changed little and consequently the optical density of these 
layers is reasonably constant. 

Sommaire: On a étudié l'état de polarisation de lumiére réfléchie, employant une source de 0.546 yp a 45° d’inci- 
dence 4 l’aide de 1’ellipsométre de Chaumont. 


Optical Aspherising by Vacuum Evaporation 

United Kingdom. Previously, aspheric films, using lithium fluoride deposited by vacuum evaporation, have 
produced refracting elements giving a retardation [(n—1)t] of only 2.5 4, at which thickness the films began 
to peel off. Double this retardation was achieved by depositing two layers of lithium fluoride separated by a 
collodion layer. Zinc sulphide films have now been prepared with retardations up to 30-40 4 mercury green 
light, without any signs of weathering or instability or change in optical thickness over a period of several weeks. 
85% of the incident light in the 5,000-7,000 A region is transmitted when using commercial-quality zinc 
sulphide. Reflection losses are considerable but can be reduced with the help of magnesium fluoride anti- 
reflection coatings. The apparatus employed for evaporation was similar to that used by L G. Schultz and 
arranged in such a manner that a film of retardation up to 10 4 could be deposited without breaking the vacuum. 
Glass plates of 4 inch. diameter could be accommodated. The films showed good revolution symmetry. 


Sommaire: Du sulfure de zinc a été employé pour produire des films asphériques donnant un retard jusqu’d 
40 2 de la lumiére verte du mercure. 


Note on the Optical Constants of Copper 
United States. The importance of the vacuum conditions when preparing evaporated samples of copper for 
optical measurements is emphasised. In the experiments described the metal was degassed at melting tem- 
perature im vacuo and then evaporated in a ‘sticky’ vacuum, i.e. at a pressure where the mercury of a sensitive 
McLeod gauge would stick to the top of the capillary. Deposition took about 1 minute and the thickness of the 
deposit was a few micron. The deposits obtained in this manner had a golden colour whereas copper deposits 
produced by evaporation at the pressure normally employed, 7.e. at 10°° mm. Hg, have a reddish colour. The 
result of the determination of the optical constants of the copper deposits produced by the author’s method 
are shown in a graph and compared with those obtained from deposits produced in the conventional way. 
There is no sharp absorption change in the wavelength region of 5,000 to 6,000 A in the case of the author’s 
specimens. This is attributed to the absence of oxide in the specimens due to the fact that the evaporation was 
carried out at lower pressures. 

Sommaire: On attire l’attention sur l’importance d’un bon vide, quand du cuivre est évaporé pour des mesures 
optiques. 


Optical Properties of Cadmium Sulphide and Zinc Sulphide from_o.6 Micron to 14 Microns 
See Abstract No.: 21/III 


Method of Forming Cadmium Sulphide Photo-Conductive Cells 
See Abstract No.: 22/IITI 


Preparation and Infra-Red Properties of Aluminium Oxide Films 
See Abstract No.: 27/III 


Evaporated Magnetic Materials 
United States. Magnetic materials have been deposited by thermal evaporation in vacuum with a view to making 
thin films having negligible eddy current losses and facilitating improved control over the shape of the hysteresis 
curve. The evaporation method is briefly explained and a diagram shows the cross-section of a vacuum 
chamber with induction heated sources. Single layers of alloys such as Permalloy (80% nickel and 20% iron) 
have been deposited at thicknesses of 10 u, with very little change in the ratio of the component metals. 
Single layers have not sufficient magnetic flux linkage to be used as circuit elements, therefore multiple layers 
have been prepared, each magnetic layer being insulated by a layer of magnesium fluoride to keep eddy 
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current losses low. The layers were deposited on glass, glazed ceramics and on Mylar foil, 0.0005 inch thick. 
The latter deposits were intended for use in electronic computer circuits for storing signals, or for magnetic 
recording surfaces. The response time of these elements must be very short, and comparison is made with other 
types of magnetic storage units, showing that evaporated layers have a better response than ribbon cores 
or ferrites. In a matrix-type memory unit, magnetic materials must also have a reasonably rectangular hystere- 
sis loop, and vacuum deposited layers were shown to possess this property. By placing the substrate in a mag- 
netic field of about 400 oersted, the hysteresis shape could be improved, since the film could be preferentially 
orientated during its formation. Vacuum deposited films would therefore seem to be useful where a small 
volume of magnetic material is required. Chemical analysis showed that very little fractionation occurred 
during the evaporation process. 


Sommaire: Des matériaux magnétiques ont été déposés par évaporation thermique sous vide dans le but de 
faire des films minces ayant des pertes négligeables dues aux courants de Foucault et facilitant un meilleur 
contréle de la forme de la courbe d’hystérésis. 


Conductivity and External Photo-Electric Effects During the Transition of a Metal from the Granular to the 
Bulk State 


See Abstract No.: 42/III 


Improvements i.o.r.t. Electrical Semiconductors for Photo-Electric Purposes 


Liechtenstein. A method is proposed whereby the photo-electric effect obtainable from semiconductors such as 
titanium oxide, zirconium oxide or copper oxide is substantially increased. A chemical compound such as one 
of the above is composed of two or more components in certain stoichiometric proportions which depend on 
the valencies of the elements. The photo-electric effect obtained from previously known semiconductor com- 
pounds essentially depends on the ‘statistic fluctuations’ between the metallic and non-metallic components 
of the compound, the fluctuations not normally exceeding 0.1% of the true stoichiometric proportion. It has 
been found that the photo-electric effect can be enhanced beyond the limit given by the statistic fluctuations, 
if the compound is enriched with the metal component by more than, say, 1% of the true stoichiometric pro- 
portion by producing a solid solution of the components of the compound. For instance TiOx, ZrOy and 
CuOz show such improvement if x is smaller than 1, y smaller than 2, and z smaller than 0.5. Various methods, 
all involving operation at very low pressures, for the production of such solid solutions are described. TiOx 
(where x is smaller than 1) may be produced by the simultaneous vacuum evaporation of the metal from one 
source and TiO, from another source. In this process the right composition of the solid solution depends 
essentially on the temperatures at which the components are evaporated. Other methods mentioned are cathode 
sputtering in an oxygen atmosphere and the reduction of metal compounds in vapour form giving a powdery 
deposit. 

Sommaire: L’effet photo-électrique dans les semi-conducteurs peut étre augmenté en produisant une solution 
solide d’un métal adéquat, et d’un composé de gaz; dans cette solution, le métal est en quantité appréciable plus 
grande que celle prescrite par la composition stoichiométrique d’un composé chimique. 


Measurements on Superconductivity of Thin Tin Films, and the Ferromagnetic Properties of Nickel Films 


France. The results of measurements on the superconductivity of thin tin films and on the ferromagnetic 
properties of thin nickel films at very low temperatures are discussed. For the tin films it was found that the 
ratio He/Hcy (value 1.5 to 4) is dependent on temperature in about the same way as the penetration depth, 
He; and Hcy being the critical magnetic field for the destruction of superconductivity measured respectively 
parallel and perpendicular to the plane of the film. An empirical formula was computed giving He/Hcy as a 
function of T. It seems to us that this difference between He; and Hc, can be explained as an anisotropy of He 
with respect to different crystal axes. This would be in accordance with Pippard’s measurements on the surface 
impedance in superconductors in various crystal directions. An analogous discrepancy was found for nickel 
films, He being this time the coercive force. The coercive force was measured by means of the resistance 
variation in a magnetic field. Measurements were made with the magnetic field in different directions with 
respect to the film and also as a function of temperature. We found Hq);/Hcy ~ 5. The shape of the hysteresis 
curve is also different in both directions. This also can be explained as an anisotropy effect, the (110) crystal 
direction being perpendicular to the support. 

(Authors) 


Sommaire: On discute les résultats de mesures sur la super-conductivité de couches minces d’étain et les pro- 
priétés ferro-magnétiques de couches minces de nickel, a trés basses températures. 


The Adsorption of Gases on a Germanium Surface 


United States. In connection with previous work on the effect of various gases on the electrical properties of 
germanium, the adsorption of hydrogen, nitrogen, carbon monoxide and carbon dioxide on a germanium 
surface has been studied as a function of temperature. Great care was taken to obtain a reproducible clean 
surface of germanium for this experimental work. The flash filament technique was used to obtain the ad- 
sorption data. The germanium filaments, 2mm. x 2mm. x 100 mm., were CP-4 etched and directly connected 
to an ionisation gauge which was entirely constructed from molybdenum. The filament to be tested was sealed 
into an experimental tube of either 6 1. or 2.61. volume. Pumping was effected by two mercury diffusion pumps 
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in series. The gas was introduced via controlled leaks of the ceramic type. Very low pressures, i.e. at least 10° 
mm. Hg, were required. Details are given of the baking procedure employed. After reaching the ultimate 
pressure of 10-§ mm. Hg obtainable from the diffusion pumps, the mercury cut-offs in the system were raised and 
final pumping was effected by ionisation gauge. Four methods of cleaning the germanium surface are discussed: 
Heating in high vacuum, positive ion bombardment, treating with atomic hydrogen and splitting crystals 
in high vacuum. The last two methods have not been used by the author. The second has the disadvantage 
that it causes the deposition of germanium on the walls of the experimental vessel. The first method, however, 
was regularly employed in the experiments as it could be expected to give a clean surface by flashing near 
1,200°K at the reduced pressures mentioned. Adsorption was measured by amplifying and recording the ion 
current from the gauge fitted with the experimental filament. These records signified the pressure increase 
in the system following flashing. The number of molecules desorbed per square centimetre was then 


where K is the number of molecules per litre for = 1 mm. (e.g. at 300°K, K = 3.2 x 107!*) and A is the area 
of the filament in sq. cm. This formula, was corrected for thermal molecular flow when the experimental 
vessel was cooled to low temperatures. The results are given in graphs showing the total number of molecule 
sorbed at pressures varying from 10-8 to 10°? mm. Hg. Nitrogen adsorption was tested at 77°K and 195°K, 
The 77°K isotherm indicated that the monolayer was completed at a pressure of 4-5 x 10° mm. Hg, 7.e. that a 
monolayer on the filament contained 6.5 x 10% molecules. Assuming 16.2 A? to be the area of the nitrogen 
molecule, the total area of the filament could be calculated to be equal to 10.4 sq.cm. The geometric dimensions 
of the filament were 8 sq.cm. Therefore, the roughness factor of the etched surface was 1.3. Carbon dioxide 
figures are given for 195° and 300°K, carbon monoxide figures for 77°, 195° and 300°K and hydrogen figures for 
77°, 275°, 195° and 300°K. All but the last mentioned gas were only physically absorbed. Hydrogen showed van 
der Waals type of absorption at low temperatures and some form of chemi-sorption at high temperatures. 


Sommaire: L’absorption d’hydrogéne, d’azote, de gaz carbonique et acide carbonique pour un filament de 
germanium de surface connue, a été étudiée en fonction de la temperature. 


Thin Metallic and Colloidal Films 


Switzerland. Evaporated thin metal films have different physical properties from those of the bulk material. 
This applies in particular to their crystalline structure and to the specific arrangement of the particles of the 
material while condensing on the substrate. Much research work has been done on thin films since Faraday 
published his investigation of gold films in 1852, and the classical methods of studying such films are measure- 
ment of their electrical characteristics, and observation in the electron microscope or in the electron diffraction 
camera. Caution should be exercised in interpreting micrographs obtained in electron microscopes of specimens 
of very thin films still showing granular structure. A beam of 400-500 W/sq.cm. directed on to a film of no 
more than 4 my has an effect equivalent to heating the film at 100°C for a considerable period, and, as a result, 
the granular arrangement may change. The author shows, in illustrations, the structure of silver deposits at 
various thicknesses up to 40 my on a variety of substrates such as collodion, rubber and silicone. All deposits 
up to a thickness of 50 my, where the films become compact, show typical agglomeration characteristics i.e. 
larger or smaller islands of the metal separated by space between them. The author makes use of this condition 
for the preparation of colloidal suspensions under controlled conditions and describes briefly the preparation 
of a suspension of silver and sodium in silicone oil by evaporating the metals under vacuum and constantly 
renewing the surface of the oil in such a way that the deposit on it never reaches a thickness where the film 
becomes compact. In this manner the components of the metal entering into the body of the oil could be con- 
trolled to a dimension of 1 y in the case of silver and 2 y in the case of sodium. 


Sommaire: L’auteur expose quelques résultats de l’étude des lames minces et en déduit un procédé de pré- 
paration de suspensions colloidales. 


The Contact Resistance and Mechanical Properties of Surface Films on Metals 


United Kingdom. The frictional characteristics of metal surfaces depend on the state of the surfaces in question. 
A really clean metal surface can only be obtained in a high vacuum at high temperatures. Normally, contami- 
nating films are present, consisting of an oxide film, a worked (‘Beilby’) film or an adsorbed film. In previous 
experiments, investigating the conditions of friction under light load, unexpected variations of the coefficient 
of friction were found which have been attributed to the presence of oxide layers on the metal surfaces. In 
order to investigate the behaviour of natural oxide layers on the metal surface (e.g. the load under which it 
ruptures) experiments were conducted by the author where the electrical contact resistance between two 
sliding surfaces was measured simultaneously with the frictional force. Details are given of the apparatus 
employed which is based on the light load friction apparatus designed by Whitehead. The loads employed 
varied from 3 mg. to 200 g. Gold, silver, platinum, palladium and a number of base metals have been investi- 
gated. Generally speaking, it was found that an oxide layer changes frictional characteristics appreciably. 
Until the load applied was too heavy, the oxide films slid over each other and the electrical resistance of the 
contact was high. At greater loads the oxide film ruptured and the contact resistance fell to a very low value 
indicating that metal-to-metal contact occurred. At very light loads, traces of an adsorbed oxygen film could 
be established in the case of gold. Platinum behaved similarly if outgassed in vacuum prior to the experiment. 
In the case of all other metals the presence of a distinct oxide layer could be proved. The ‘critical’ load depends 
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on the relative mechanical properties of the oxide and metal. For instance tin, a soft metal, is covered with a 
hard brittle oxide film; very light loads will suffice to rupture the oxide film. But in the case of iron the oxide 
and the metal have similar mechanical properties; therefore they both deform together and a higher critical 
load is required to effect metallic contact. The effects of a Beilby layer have been investigated by the same 
method but its presence has only a slight influence on the electrical conductivity. Gold and platinum with a 
Beilby layer produced by abrading, had a lower friction coefficient than the respective specimens with a 
fully annealed surface. Finally, sliding friction was examined between two metal surfaces lubricated by a stearic 
acid monolayer. Such boundary lubricants were found to prevent close approach of the two metal surfaces 
only at very light loads (less than 1 g.). The contact resistance measurements indicated that if the surfaces 
approached within about 5 A of each other, conduction of electricity took place presumably by the tunnel 
effect. This small separation implies that the molecules of the lubricant are almost parallel to the surface. 


Sommaire: On étudie la nature des contact entre deux surfaces metalliques glissantes en mésurant la résistance 
électrique du contact et le coefficient de friction en méme temps. 


The Temperatures Attained at the Surfaces of Growing Deposits and the Origin of Stress in Deposits 


United Kingdom. Examination of films, deposited by vacuum evaporation at a rate of 15-300 A thickness per 
second on substrates initially at room temperature, appear to indicate that the temperature at the top surface 
of the growing deposit is very much higher than assumed hitherto. For instance, in the case of metals such as 
copper, silver, gold, nickel, deposited at 10°° mm. Hg, the initial crystals formed are smaller than 50 A but, 
as the thickness grows to values of more than 500-1,000 A, the crystal size increases and preferred orientation 
develops associated with facet formation. This is due to higher mobility of the atoms arriving on the surface 
which in turn can only be explained by high temperatures prevailing at the surface. In earlier experiments, 
when depositing copper and iron under the conditions described, it was noticed that the substrate temperature 
rose to 100° and 150°C respectively. In order to explain the phenomena just mentioned the temperature at the 
surface of the deposit must have been above the normal recrystallising temperature of the metal, 2.e. above 200°— 
230° in the case of copper, and 350°-450° in the case of iron. The argument that the increased surface mobility 
may be due to the cleanliness of the surface of the freshly deposited metal is not valid in the particular case as 
the operational vacuum was not particularly high. In the case of electro-deposition, similar structure of the 
deposit was obtained. Here again ‘cleanliness’ of the cathode surface cannot be considered to be the cause 
of abnormally high mobility and thus high temperatures at the surface (at least to a few tens of atoms depth) 
must be responsible for the structure of the deposit obtained. Finally, in the case of anodic oxidation, for instance 
anodising electro-polished beryllium surfaces in an HNO,—CrO, solution at 31.5 mA/sq.cm. yielding an oxide 
film growing at the rate of approximately 80 A per second, the crystals in the deposit were less than 10 A in 
diameter after a period of 15 sec. but after 90 sec. were approximately 60 A in diameter at the surface. As it has 
been established by the author that beryllium oxide recrystallises only at temperatures above 300°C, the tem- 
perature in the growing deposit during the process must have exceeded 300°C. In conclusion, the author states 
that his interpretation of the structure of the metallic deposits agrees well with his previous observations on 
stress developed in such deposits. 

Sommaire: On mande que dans les conditions normalles de déposition de couches minces, soit par évaporation 
sous vide, déposition électrolytique ou oxydation anodique, la température de la couche du dessus est de l’ordre 


de quelques cents °C. 


Low-Temperature Absorption Cell for the Cary Recording Spectrophotometer 


United States. None of the many absorption cell designs described in the last twenty five years is suitable for 
use in conjunction with the Cary spectrophotometer. Details are given of a cell specially designed for this 
purpose. It can be employed for the study of alkali halide crystals in the visible and ultra-violet region of the 
spectrum, at low temperatures and at temperatures of several hundred degrees C, in connection with crystal 
bleaching experiments. The cell consists of four parts: An outer brass cylinder, the liquid air jacket and radiation 
shield, the liquid helium container with the crystal specimen holder, and the base. In use, two crystals are moun- 
ted in the cell, the crystal to be measured and a comparison crystal. The liquid air jacket and the helium container 
are fitted to the lid of the outer brass cylinder. The dimensions of the whole assembly are about 5} inch. diam. 
and 154 inch. height. Evacuation is carried out through a l-inch seamless bronze flexible hose, the flexible 
connection being provided in order to facilitate moving the specimen in and out of the beam. The maximum 
permissible dimensions of the specimen are $x 4x4 inch. The crystal is held in place by a beryllium copper 
spring and heat transfer is effected by contact. In the case of liquid nitrogen cooling the lowest specimen 
temperature obtainable is 83°K, and in the case of liquid helium cooling the figure is 18°K. Details of the 
technique of temperature measurement employed are given. 

Sommaire: Description d’une cellule d’absorption de métal pour les mesures des spectres d’absorption des 
cristaux alcalihalide a basses températures. 


An Optical Absorption Cell for Use at Low Temperatures 

United Kingdom. The cell described can be used to study the optical transmission of a solid specimen at 
temperatures down to 4.2°K. Thermal contact between the specimen and the cooling liquid is achieved by 
immersing the specimen in helium gas cooled by the liquid. The specimen can therefore be of an irregular 
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shape and does not have to be rigidly clamped or soldered on to a thermal conductor. The cell is used in 
conjunction with a Zeiss double-monochromator and the minimum convenient size of specimen is 10 x 4 mm. if 
the full slit length is to be used. The cell consists of three chambers located above each other and all surrounded 
by an adjustable radiation shield and vacuum jacket. The lowest chamber, which receives the specimen, is hard- 
soldered into the centre chamber containing the cooling liquid. The temperature difference between the two is 
1°K. Through the upper chamber (normally filled with liquid nitrogen) pass the tubes supplying the cool- 
ing liquid to the centre chamber, and also a push rod and a tube connecting to a gas thermometer bulb in 
the specimen chamber. The specimen carrier is designed so that pressure on the rod shifts the specimen out 
of the horizontal path of the radiation which enters and leaves the chamber through four windows (two in 
the cell and two in the vacuum jacket) normally made of glass, fluorite or KRS5. On releasing the pressure 
on the rod, the specimen is accurately repositioned in the beam. The specimen chamber can be readily removed 
from the cell for mounting and demounting the samples. The operating hours per one filling of the cooling chamber 
are: Nitrogen, over 48 hours; hydrogen, over 17 hours; helium, approximately 1} hours. The nitrogen in the 
upper part maintains a temperature of 78°K and is replenished as required. One 1. of hydrogen is needed to cool 
down from 78°K to 20.4°K and fill the cell. Cooling from around 40-50°K to 4.2°K followed by continuous 
operation at this temperature for up to three hours is facilitated by leaving a 2.5 1. transfer flask of liquid helium 
connected to the cell and refilling it as necessary. The cell has been used for measurements on silicon and ger- 
manium. 

Sommaire: Description d’une cellule du type transmission pour faire des mesures optiques et électriques sur 
des specimens solides immergés dans de |’helium. 


A Resistance Thermometer for Use at Helium Temperatures 


United Kingdom. Reference is made to a previous note by Parkinson and Quarrington (Proc. Phys. Soc. 68B, 
1954, 644), where a method was described of producing a thermometer covering the helium vapour pressure 
range of temperature (1.5°-4.2°K) by joining in series two or more 0.004 inch diam. wires of 62% copper, 36% 
zinc, 1.73% lead and 0.08% nickel after annealing the wires at various temperatures in the ranges 160°-240°C 
and 310°-400°C. In the present note an improved method is described of producing such a thermometer 
from a single length of wire of the same composition with linear characteristics in the same temperature region. 
An O.F.H.C. copper rod 24 inch. long and 4 inch diameter was soldered to a slug of iron fitting the electric 
furnace employed in the experiments. Surrounding the rod was a heavily lagged l-inch Yorkshire copper 
tube, one end of which reached into the furnace and the other was water-cooled. Thermo-couple measurements 
along the rod indicated a nearly linear temperature gradient ranging from 120°— 400°C when operating the fur- 
nace at 400°C. The thermometer wire was then evenly wound along the rod except over the stretch of the wire 
where the temperature gradient had the values of 225°-310°C, where the minimum length of wire was used. 
After annealing treatment lasting 34 hours and cooling down to room temperature, the wire was tested at a 
constant current of 50 uA. The results are shown in a graph where the ordinate is R/Roy (Ryo is the resistance 
of the wire at 20°K) and the abscissa is the helium vapour pressure range temperature showing a linear character- 
istic except at 2.8°K and 1.8°K where the deviations are — 0.02°K and + 0.02°K respectively. 


Sommaire: Des détails sont donnés sur un traitement adéquat de recuit, pour étre appliqué a du fil de bronze 
plombé pour la production d’un thermométre a resistance, qui a des caractéristiques linéaires dans le domaine 
de température de la tension de vapeur de l’hélium. 


On the Construction of Linde Hydrogen and Helium Liquefiers 
See Abstract No.: 130/II 


A New Helium Liquefier with Expansion Engine 
See Abstract No.: 128/II 


An Improved Miniature Liquefier-Cryostat 
See Abstract No.: 127/II 


Fully Automatic Plant for the Liquefaction of Helium 
See Abstract No.: 129/II 


A Modern Cryogenic Engineering Laboratory 


United States. The newly opened N.B.S.—-A.E.C. Cryogenic Engineering Laboratory at Boulder, Colorado, 
consists of a liquid hydrogen plant, a liquid nitrogen plant (both duplicated to ensure continuous operation 
without shut-down) and laboratories. The installation cost $3,500,000 and covers a total floor space of over 
34,000 sq. ft. The operational and research staffs total 60. The hydrogen is liquefied by the Joule-Thomson 
expansion method. In order to obtain liquefied hydrogen by expansion the gas must first be cooled below 
—80°C (the inversion temperature). The hydrogen to be liquefied is obtained through normal commercial chan- 
nels and stored as received at a pressure of approximately 2,200 p.s.i. When required, the gas is passed via 
a palladium catalyst which removes small amounts of oxygen, through ballast vessels, holding 3,000 cubic feet 
of gas, to water-cooled compressors where the gas is recompressed to 2,000 p.s.i. Subsequently, on its way 
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to the expansion chamber, the gas is purified by oil-water separators, a refrigeration drier to remove water and 
oil vapour and a silica gel adsorption purifier operating at the temperature of liquid nitrogen to remove nitrogen 
and other gases. Cooling is effected by counter-flow heat exchangers. Immediately prior to entry into the 
expansion chamber the hydrogen passes through a liquid nitrogen pre-cooler, the liquid nitrogen being at 
boiling temperature and reduced pressure, and through a final heat exchanger which is cooled by non-liquefied 
hydrogen returned from the expansion valve. The liquefied gas is transferred to storage tanks through a pipe 
line which is vacuum-insulated and 50 ft. long. The liquefier units are housed in Dewar flasks, 24 ft. in diam. 
and 73 ft. high, the upper two thirds of which contain the heat exchangers and the liquid nitrogen pre-cooler 
and the lower third of which serves as the liquid hydrogen reservoir. Similar details are given of the nitrogen 
liquefaction process. A brief description is given of the safety device system in operation at that plant. 
The research staff of the laboratory is engaged in the development of means for the handling of hydrogen 
and investigations into the properties of materials of very low temperatures. Normal liquefied hydrogen contains 
a large percentage of ortho-hydrogen molecules where the two nuclear spins are orientated in the same direction. 
The lower temperature equilibrium form of hydrogen is nearly pure para-hydrogen, where the two nuclear 
spins are opposed. Therefore liquefied ortho-hydrogen slowly changes to para-hydrogen. Thisis an exothermic 
process resulting in a loss of liquefied gas. By adding a special catalysing chamber to the liquefaction plant, 
the laboratory was successful in producing almost pure liquid para-hydrogen. 


Sommaire: Description détaillée est donnée sur la liquéfaction de l’hydrogéne, les appareils de liquéfaction 
d’azote a N.B.S.—A.E.C. Cryogenic Engineering Laboratories, Boulder, Colorado. 


Liquid-Vapour Equilibrium in Microscopic Capillaries II. Non-Aqueous Systems 


Isvael. Kelvin’s relation 

26M 

nm — = 

Po adRTy 
(where Po is the vapour pressure over a plane surface, P the vapour pressure over a curved surface of radius 
of curvature 7, d the density, M the molecular weight, o the surface tension, R the gas constant, and T the 
absolute temperature) has been verified for convex surfaces, having a curvature of a radius of several microns, 
for various liquids such as water, dibutyl phthalate and others. In the case of concave surfaces, however, 


experimental results vary appreciably from the figures obtained by the Kelvin relation. The investigation 
reported here is concerned with the applicability of the Kelvin relation to the case where an organic liquid, 


i.e. toluene and isopropyl alcohol, form concave surfaces in capillaries ranging from 0.8 to 3 yw radius. The 
experimental method involves the measurements of the increase or decrease in height of the liquid column in a 
cone-shaped capillary after the liquid has been brought into contact with its vapour from a bulk solution 
of the liquid and a non-volatile solute, 7.e. dibutyl phthalate in the particular case. If the capillary is full, the 
liquid evaporates and the radius of the meniscus will decrease until the vapour pressure over the meniscus is 
equal to the vapour pressure of the solution. In these conditions, 7.e. in equilibrium conditions, the radius of the 
méniscus is given by 

where y and 7’ are the radii of the meniscus and capillary, respectively, and 6 is the contact angle. Equilibrium 
was presumed to be established when the meniscus remained unchanged for two hours. Details are given of 
the vacuum system employed in the experiments and of the experimental procedure. Prior to the experiment 
it was established that the contact angle between the organic fluids employed in these experiments and the 
glass were very nearly zero. The results are shown in a table partly reproduced below. The lowering of the vapour 


Toluene Data at 20° 


Observed capillary radii at level of meniscus at 


equilibrium, Observed 


Condensation of Calculated 
Calculated 


Solution Kelvin Radius, 
Mol. Frac. Cap. | Cap. | Cap. | Cap. | Cap. | Cap. 
7 16 14 5 1 18 


0.00611* R 1.80 | 1.80 | 1.30 | full . 1.20 
0.00763* R 1.30 | 1.35 | 1.30 a 1.10 
0.01174* 1.20 | 1.30 1.00 


Isopropyl Alcohol Data at 20° 


Observed capillary radii at level of meniscus at 
equilibium, w Observed 


Condensation of Calculated 
Calculated 


Solution, Kelvin Radius, 
Mol. Frac. Cap. Cap. 
14 5 1 18 


0.00411* 1.70 > 1.60 
0.00663* 1.40 1.20 
0.01578* 0.95 ‘ ‘ 1.05 


* Evaporation 
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pressure was greater for isopropyl alcohol than for toluene. Observed values for most organic liquids differ 
appreciably from the values calculated by the Kelvin relation. This effect is even more pronounced in the 
case of water (see J. L. Shereshefsky & C. P. Carter, J. Amer. Chem. Soc., 72, 1950, 3682). It appears that the 
polarity of the liquid influences the extent of deviation from the equation. The occurrence of these deviations 
is explained tentatively by assuming long-range forces (over several thousand A) exerted by the capillary walls. 


Sommaire: La diminution de la tension de vapeur du toluéne et d’alcool isopropyle sur des surfaces concaves a 
été mesurée dans des capillaires de 0.8-3u de rayon. 


16 — CHEMISTRY — 16 


A Linear Accelerator for X-Ray Therapy 
See Abstract No.: 22/I 


Medical Research Council’s Cyclotron 
See Abstract No.: 39/IV 


Developments in Apparatus for Deep X-Ray Therapy 


United Kingdom. The two main types of high energy radiation used in the treatment of cancer are x-rays 
generated by high-voltage apparatus and y-rays emitted by radium or other radioactive elements. The scope 
of both has been methodically investigated since 1934 and new developments have taken place since. The 
majority of apparatus at present in use is high voltage apparatus producing 200 kV x-rays. The intensity of 
the x-rays delivered by this apparatus at a depth of 15 cm. below the surface of the body is only 15% of that 
at the surface. For deep-seated tumour treatment, therefore, higher energies are required. A graph is shown 
giving the depth-dose curves for x-rays generated at 2, 4, 8, and 20 MeV. The upper limit of the high energy 
employed is given by the dose to the skin where the x-rays pass out of the body. The size of the y-ray apparatus 
is limited by the high price of radium, £5,000 per gramme. There are twelve 10-g. radium beam units in opera- 
tion in this country, but due to the low dose rate and the rapid falling off of dose with depth in the body this 
apparatus is only used for treatment at levels close to the skin. A 200 kV x-ray apparatus is used at 50 cm. 
distance from the skin producing 30 roentgens per minute at the skin. A radium beam unit has to be closer 
to the skin and a 10-g. radium beam unit is normally employed at 8 cm. from the skin producing 20 roentgens a 
minute at the skin. Treatment times are correspondingly longer. Methodical investigations have proved that 
both types of radiation have identical biological effects, the choice of the radiation means for a treatment, 
therefore, being entirely dependent on the radiation energies producible. Details of the progress made with the 
development of high voltage apparatus are given. The first 1-MeV machine was installed in 1939 at St. Bar- 
tholomew’s Hospital. Activities in the U.S.A. concentrated for a while on the development of Van de Graaff 
electrostatic generators for medical use, three of which rated at two million volts are installed in this country. 
Similarly, betatrons have been developed in the U.S.A. as a source of high energy x-rays. A 20-MeV betatron 
is available at Manchester in the Christie Hospital. An important result of the British development activities 
is the construction of a travelling-wave linear accelerator, a 4-MeV type of which, operated under the auspices 
of the Medical Research Council, is established at Hammersmith Hospital (see Abstract No. 39/IV). Five 
machines of this type are being installed at the Christie Hospital, Manchester, the Western General Hospital, 
Edinburgh, the Mount Vernon Hospital, Middlesex, the General Hospital, Newcastle-upon-Tyne and the 
Radium Institute, Liverpool. A 14-MeV linear accelerator has been installed at St. Bartholomew’s Hospital, 
London, for research purposes. New impetus has been given to the development of y-ray beam units due to 
the fact that large quantities of artificially made radioactive isotopes are now becoming available. One suitable 
isotope is cobalt-60 with a half-life of 5 years emitting radiation of an energy equivalent to x-rays of 2-3,000,000 
volts. Details of the design of such units are given. One of them is in use at the Mount Vernon Hospital. In 
addition, several of the 10-g. radium units have been modified to hold up to 100 curies of radioactive cobalt. 
As a result the unit can be placed at 20 cm. distance and gives a dose rate and distribution similar to that of a 
200-kV x-ray machine. The second suitable radioactive isotope is caesium-137, a by-product of uranium 
fission. Caesium-137 has a half-life of 33 years and emits radiation at an intensity equivalent to x-rays of about 
1 MeV. In spite of these developments with respect to y-radiation units, the treatment of deep-seated tumours 
is still the domain of the linear accelerator. 


Sommaire: Un article détaillé du développement d’appareils 4 rayons-X pour le traitement de tumeurs pro- 
fondes, avec référence particuliére sur les développements Britanniques depuis 1934. 


Radioactive Tracing V. The Preparation and Assay of Labelled Compounds 


United Kingdom. Procedures employed for radioactivity measurement in radioactive tracer experiments are 
outlined. The methods used for the suitable preparation of the sample, to facilitate precise measurements, 
are described. In the case of gas samples the methods are confined to the assay of §-emitting material such as 
tritium and carbon-14, or to the assay of inert gases such as argon-41 and krypton-85. The method of Payne 
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et al. is mentioned, where tritium-labelled samples are reduced to water by burning in a stream of oxygen at 
1,000°C, the water being subsequently converted into a suitable gas and admitted to a counter for radioactivity 
measurement. Siri et al. have described a method of assaying tritium by converting their water samples to 
tritiated hydrogen by reaction with lithium-aluminium hydride dissolved in anyhydrous diethylene glycol 
monoethyl ether. A suitable vacuum system for the manipulation, storage or reconversion of the hydrogen 
samples to water is described and illustrated. For the assay of carbon-14-labelled compounds in the gas phase, 
the carbon is recovered as labelled carbon dioxide and precipitated as calcium or barium carbonate, from which 
the carbon dioxide is quantitatively recovered preferably by heating with lead chloride in a side tube of the 
vacuum system. Vacuum techniques are particularly suitable in that case, as carbon dioxide can be made to 
condense at the temperature of liquid air. For activity measurements, labelled carbon dioxide is admitted to 
the envelope of a suitable Geiger-Miiller counter at a pressure of about 30 cm. Hg, in the presence of carbon 
disulphide vapour at a pressure of 2 cm. Hg. The vacuum method described is equally useful for the storage 
and manipulation of the inert gases, argon-41 and krypton-85, provided minor modifications are made. Similar 
information is given on the preparation of labelled liquid and solid samples. The article concludes with a brief 
description of the counting procedure itself, when using (a) proportional tubes, (b) Geiger-Miiller tubes and 
(c) scintillation counters. 

Sommaire: Des détails sont donnés sur les méthodes de préparation d’échantillons de gaz, de liquides, et de 
solides, devant étre employés dans les expériences sur les traceurs radio-actifs, et en conclusion un sommaire 
des conditions requises pour les compteurs. 


How Processing Conditions Affect Micro-Organism Radio-Resistance 


United States. The presence of oxygen can influence the effect of ionising radiation on matter which contains 
water. Tests have been conducted to compare the effect of irradiation on organisms when (i) kept in air and 
(ii) kept in vacuum. Nutrient-broth suspensions of the non-sporulating bacteria FE. Coli were irradiated with 
y-rays from cobalt-60. The mean lethal dose (Do) for 5 ml. samples irradiated in air was greater than for 3 ml. 
samples because a greater amount of oxygen is available to the latter as long as the ampoules used are identical. 
In vacuum, the Do values were identical for samples of different volumes, and higher than for samples irradiated 
in air. Definite trends of oxygen susceptibility were also shown for the organisms A. aerogenes, S. aureus, 
S. albus, S. faecalis, and C. xerose, but not for Ps. fluorescens and Ps. aeruginosa, which have low Do values. The 
experiments were extended in order to obtain comparisons of the effect of y-ray and 3-MeV electron radiation 
on 3-ml. aliquots of FE. coli suspensions under vacuum, in air, or in a helium, argon, nitrogen or oxygen atmos- 
phere. Air reference base-broth survival curves obtained show (i), that increased oxygen tension causes in- 
creased E. coli. sensitivity; (ii), that the curves obtained under vacuum and in helium, argon or nitrogen 
atmospheres appear to be identical; (iii), that at doses above 15,000 rep, the slope of the curve for air is virtually 
the same as that of the vacuum—inert gas curve. Below 15,000 rep, the slope seems to be a function of the 
oxygen content of the ampoule used. No such break could be observed for £. coli. in saline solutions (3 ml.) 
exposed to y-rays. Freezing the medium produces a great increase in radio-resistance. The conditions in food 
substances were studied by inoculating pea puree with E. coli suspensions. The protective effect of food 
substances was proved to be considerable. In the case of y-radiation the curves show no break but pass through 
the zero dose—100% survival origin. The experiments indicate that the semi-solid pea puree may inhibit 
diffusion of free radicals formed during irradiation in a manner similar to frozen media. The Pyrex glass system 
for evacuating and filling the sample ampoules was evacuated by a mercury diffusion pump unit. The bacterial 
suspensions were aseptically transferred by pipette to the ampoules which were of the 5-ml. Kimble ‘Neutraglas’ 
type. Before evacuation, the ampoules were cooled to 0°C in ice-water slush to avoid loss of liquid. After pump- 
ing down, the ampoules were sealed with a cross-fire torch. For the test in gases other than air, the gas was 
admitted to the ampoule after evacuation down to about 10°° mm. Hg. The gas pressure in these tests was 
approximately 700 mm. Hg. 

Sommaire: On donne des détails d’experiences faites des effets de radiations ionisantes, sur le taux de survie 
de suspension de bactéries dans différents médiums, y compris la nourriture. 


Vitamin B,,-Active Composition 
See Abstract No.: 29/IV 


Apparatus for Measuring Relative Blood Viscosity 


Canada. In connection with an investigation into the effects of large fat meals on the blood of hamsters, a 
method of determining the relative blood viscosities of small samples was required which facilitates rapid, 
accurate and consistent measurement. No anticoagulants should be used as such materials affect the viscosity 
of the blood sample. Details are given of a method specially developed for the purpose, whereby a quantity 
of 0.1 ml. of the blood collected from the animal in a syringe was aspirated by a hypodermic needle at a negative 
pressure of 100 ml. Hg. relative to the prevailing barometric pressure into a pipette showing two graduations 
at a given distance apart, the time required to fill the pipette being measured by a timing device. Comparative 
measurements with water facilitated the determination of relative viscosities. The pipette was connected, via 
a stopcock, to a vacuum system which provided the standard negative pressure by means of a Stedman pump, 
and which incorporated also a 1,000 ml. waste bottle-accumulator, an inverted mercury manometer and an 
aneroid gauge to roughly monitor the negative pressure in the system. By means of a three-way stopcock a 
more powerful vacuum pump could be connected to the system for cleaning the pipettes. The temperature 
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was maintained at 37°C. throughout the whole of a run. In practice a twin-pipette arrangement was used so 
that duplicate measurements could be carried out within 30 seconds of each other. The accuracy of the method 
is indicated by the values of the readings given for six consecutive runs aspirating 1 ml. of water at 37°C. 
giving an average time of 14.7 sec. with a maximum variation of 0.5 sec. Employing this apparatus, it was found 
that the blood of hamsters fed on fat shows a viscosity increase of 100%, sometimes reaching 200% some 
6-9 hours after taking the meal, without a significant increase in the hematocrit. Some data on tests made 
with human blood are also reported. The apparatus facilitates the measurement of fresh samples every five 
minutes. 

Sommaire: Description d’une méthode pour mesurer la viscosité du sang, pouvant étre appliquée a de petites 
quantités de sang ne contenant pas d’anti-coagulant et pouvant se répéter a 5 minutes d’intervalle. 


Strangers Within the Body 
See Abstract No.: 28/I 


Freeze Drying 
United Kingdom. Proteins, as has long been recognised, are more stable when dry than wet. The application 
of heat to effect drying very often changes the nature of the protein (‘denaturation’), though roller and spray- 
drying has sometimes been successfully employed. Freeze drying, in which the protein material is frozen and 
dried from the frozen state, was first described by Shackell in 1909 and is a satisfactory, though costly, method 
of preservation. If, as with medical preparations, the initial cost of the material is high, the use of the method 
is economic. Freezing alone could preserve these substances, but there are difficulties in transporting and storing 
refrigerated containers. Owing to the low vapour pressure of the ice, the pressure of the surrounding air had to 
be reduced below this pressure before evaporation commences. The water vapour evolved can be absorbed 
by chemical desiccants. Shackell used concentrated sulphuric acid. Flosdorf, in 1938, introduced calcium 
sulphate hemi-hydrate, and further materials such as phosphorus pentoxide, which is expensive, and silica 
gel, the absorptive capacity of which is increased as its temperature is lowered, have been employed. Continuous 
removal of water vapour has been attempted by spraying a cooled salt solution into the vacuum chamber to 
absorb the evolved water vapour and then pumping out the dilute solution for re-concentration and re-circula- 
tion. Refrigerated surfaces are also employed. Mechanical refrigeration is widely used in large plants. A 
continuously scraped condenser has been developed to overcome the need for periodic defrosting of the con- 
denser surface. Originally, freezing was a separate process carried out at atmospheric pressure, but Greaves 
developed a method of freezing the material by self-evaporation. The difficulty in this method is that air dis- 
solved in the liquid causes the formation of froth prior to freezing. Greaves overcame this, first by controlled 
degassing and subsequently by centrifuging the containers in the vacuum system as they froze. With the 
development of large-scale freeze drying, the original method of applying the vacuum by attaching the bottles 
containing the frozen material individually to a vacuum manifold became inconvenient and large vacuum 
tanks were employed which can accommodate racks of bottles. In this arrangement the heat of sublimation 
previously supplied by the atmosphere surrounding the bottle has to be supplied artificially to the material. 
A large-scale commercial British plasma dryer is taken as an example of modern practice (capacity: 500 1. week). 
Freeze drying development has been linked with the preparation of dried blood plasma, and sera, but its 
application in biology generally is less advanced. In 19438, penicillin was freeze-dried on a large scale. Though 
later developments have rendered this unnecessary in the case of penicillin, streptomycin is still treated in 
this way. Freeze drying of food products has several times been attempted, and, though it has usually proved 
uneconomical, is successfully used for human milk preservation by the Dutch Red Cross. Viruses, bacteria, 
moulds and vaccines are freeze-dried and organisms of this nature survive the process. There is no evidence yet 
that the mammalian cells withstand freeze drying but the technique is employed for the preservation of 
grafting material. Histologists and cytologists have found, in freeze drying, a method of fixing cells for study 
which overcomes difficulties experienced with other methods. Finally, bacteria, viruses and fibres, as specimens 
for electron microscopy, may be freeze-dried with advantage insteal of air-dried, as the latter technique tends 
to produce undesirably flattened objects, due to surface tension effects. 


Sommaire: Une revue étendue historique, des techniques et des applications présentes de la lyophilisatioa. 


Application of Vacuum in Drying Technique 
See Abstract No.: 24/I 


Dehydration of Biological Materials 
See Abstract No.: 82/III 


Chemicals from Castor Oil 
Canada. Castor oil has a higher viscosity, specific gravity and alcohol solubility than most common oils and is 
practically insoluble in petroleum oils. Containing over 90% of ricinoleic acid, it is chemically unique. Without 
chemical treatment, it can be used in hair dressings, brake fluids and cosmetics, but treatment in different ways 
extends its usefulness. Sulphonation with concentrated sulphuric acid below 35°C produces Turkey Red Oil, 
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a forerunner of modern wetting agents, which has been used in the dyeing industry since 1870. A range of 
waxes and greases are produced by hydrogenation, while thermal decomposition at temperatures over 300°C 
produces undecylenic acid and heptaldehyde. The former compound is used in the form of its metallic soaps 
as a fungicide and the latter in perfumery and the synthesising of essential oils. The most important chemical 
process applied to castor oil is dehydration by heating to 500°F under a vacuum of 1-2 mm. Hg in the presence 
of a catalyst such as sodium bisulphate. Fatty acids are distilled out of the oil during the eight-hour process 
and the hydroxyl group contained in ricinoleic acid is removed together with an adjoining hydrogen atom to 
create a second double bond in the castor oil tri-glyceride. This imparts good drying properties to the oil, 
properties not possessed by castor oil itself. The dehydrated oil is used as a substitute for tung oil in the paint 
industry. Actually, it gives colour retention and flexibility superior to tung oil, though economic considerations 
control the extent of its use in this field. Oxidation of castor oil with alkaline permanganate or nitric acid 
produces azelaic and pelargonic acids, useful for plasticiser and polyester resin formulations, and blowing 
with air, once believed to result in oxidation of the castor oil but now thought to produce a more complex 
chemical change, gives products widely used as plasticisers in lacquers and adhesives. Little is known of the 
process for manufacturing sebacic acid from castor oil, though in essence it consists of saponification of the oil 
with a caustic alkali followed by thermal decomposition yielding 2-octanol, methylhexylketone and a salt of 
sebacic acid. Brazil, India and the U.S.S.R. between them account for 80°% of the total world output of castor 
beans. The world production of castor oil was 400,000,000 Ibs in 1948. 


Sommaire: Discussion sur un grand nombre de dérivés d’huile de ricin disponibles actuellement, et des méthodes 
employées pour les obtenir. 


Oil Treating Process to Remove Impurities 
See Abstract No.: 137/III 


3 Keys to Clear Solution 


United States. The conventional process of clarifying gelatines is carried out in three separate steps. Unclarified 
gelatine contains solid particles of various size and density, some sinking and some floating. The removal of 
these particles is complicated by the high viscosity of the gelatine solution (80cp.) and the considerable foaming 
taking place during processing. The three essential steps of processing are filtering by centrifuging, centrifugal 
sedimentation and removal of dissolved air. Details are given of a new design for a centrifuge which permits 
the clarification of gelatines in the manner described during a single run. The new centrifuge is built 
for a charge of 30 gallons and is of the double bowl type. The bowl assembly has a diameter of 12 inch. 
and rotates at 3,500 r.p.m. within a jacketed vacuum chamber serving as a collecting vessel which is connected 
to a vacuum pumping unit to draw a vacuum of 29 inch. Special attention had to be given to the design of 
the vacuum-type seal for the shaft carrying the rotating assembly which is driven by an external motor. The 
operation had to be extremely smooth. This was achieved by careful balancing with special machines normally 
used for the balancing of turbine rotors, resulting in a maximum vibration amplitude of 0.000485 inch. The 
inner of the two cylindrical walls of the rotating assembly is perforated and lined with filter paper. The outer 
section has baffles in suitable positions which prevent short circuiting, surging by the liquid and foaming. 
The total hold-up in the bowl is 0.7 gallon. Details are given of the safety devices incorporated in the machine. 


Sommaire: Description d’un nouveau centrifugeur permettant la clarification de solutions de gélatine en une 
seule opération, sous un vide de 29 inches. 


Small Plant Approach to Processing Noxious Organics 

United States. Typical problems of the plant engineer in a small works concerned with the processing of fine 
organic chemicals are discussed. The processing equipment available must be of maximum flexibility and 
versatility. This is demonstrated by giving two flow sheets for continuous and batch production respectively of 
a 3-step synthesis involving saponification, filtration, acidification, condensation with a second raw material, 
recovery and drying of a precipitate. Four separate unit operations are required: mixing, filtration, centri- 
fugation and drying. In the case of continuous production arrangements this involves the employment of eight 
major production units. In the case of batch production, however, this can be reduced to four production units 
consisting of the reactor, filter, centrifuge and dryer. Where overall production cycles of no more than a few 
weeks or months are concerned the higher labour costs involved in operating the batch unit is more than com- 
pensated for by the reduction in the initial capital investment required. This applies in particular if the reactor 
in question is of the multiple-purpose type, e.g., designed for a change-over from open to closed construction, 
facilitating its use in processes similar in type but varying in certain processing requirements. The authors 
proceed to discuss construction materials required in acid resistant equipment. Mention is made of glass linings, 
impervious graphite and plastic materials. Difficulties are often experienced in piping together components 
not originally designed to be joined and an example of an ad hoc solution is given depicting the joint between 
a glass pipe and glass-lined nozzle. Glass-lined Saunders’ valves viz. Kel-F diaphragms give leakproof shut-off 
in gas or liquid vacuum systems operating at 100°C and pressures down to 50-100 u Hg. Finally details are given 
of a vacuum train for the distillation of fatty acid chlorides. A special feature of this process is the constant 
evolution of hydrogen chloride. The operation is carried out, in the particular case, at pressures of 25-100 u Hg. 
The non-condensable vapours leaving the still are passed into a cold-finger trap operated with a dry ice-acetone 
mixture. Here some of the entrained condensable vapours are deposited, the remainder is compressed by an 
all glass non-fractionating type of oil diffusion booster pump to a pressure of 750 microns and passed to a 
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second cold trap where more condensable material is removed at the higher vapour pressure. From here the 
vapours are compressed in a four-stage impervious-graphite steam ejector, fitted with a barometric condenser 
between the second and the third stage. All traps are duplicated to ensure continuity of the operation when one 
trap in the set is full. The heater of the booster pump is arranged externally as a safeguard against attack by 
the hydrogen chloride fumes. The article concludes with a description of leak detection procedures which avoid 
the use of the expensive mass spectrometer and the halogen leak detector which is unsuitable in systems 
containing hydrogen chloride or any chloride vapours. 

Sommaire: Procédés de production sur une petite échelle de produits chimiques organiques, en particulier un 
appareil de distillation pour le traitement sous vide des chlorures d’acide gras. 


Aluminium Borohydride Preparation 

United States. Aluminium borohydride, Al(BH,);, is of interest as an igniter and high energy fuel, but it is 
highly volatile, spontaneously inflammable and easily hydrolised. Pilot plant equipment and operation for 
the production of aluminium borohydride on an industrial scale and based on the process developed by Schle- 
singer and Brown, giving pound quantities of the product, is described. The main reaction is 


3NaBH, + AIC1, @ 3NaCl + Al(BH,); 


The principal by-products are diborane and hydrogen. The reaction vessel employed was a horizontal 2-l. 
autoclave fitted with a stirrer mechanism, electrical heating means and a coil for water cooling. Connection 
to the collecting system was made through a }4-inch outlet via a large bellows-gland valve. The collecting 
system consisted of three graduated glass receivers, the first cooled to —80°C, and the other two to —196°C. 
The whole system could be evacuated by a mechanical rotary pump down to 1 mm. Hg, the pressure not ex- 
ceeding 2 mm. Hg throughout the process. The charge per run of sodium borohydride was of the order of 150g. 
Charging into the autoclave was effected while the latter was hydrogen filled. After closing the charging port 
the system was evacuated and reaction began at room temperature, but distillation commenced only after 
about 45°-55°C was reached. The distillation rate increased continuously up to 110°C but subsequently decreased 
until the action was completed at about 150°. One run took about 6 hours. Most of the end product condensed 
in the first receiver and most of the diborane in the second and third. The by-product hydrogen passed through the 
whole system. The total yield of diborane was 4-7%. After completion of the reaction process the end product 
was brought to room temperature and syphoned into an evacuated storage steel cylinder. Diborane present 
in the end product was removed by fractional condensation before the aluminium borohydride was removed 
from the collector flask. Good purification of the aluminium borohydride was essential in order to prevent 
decomposition of the residual diborane in the aluminium borohydride with consequent evolution of hydrogen 
during the storage period. An addition of 5-10 wt.% of graphite flakes and 40-50 wt.% of Stanolind heavy 
white mineral oil reduced initial difficulties experienced due to lump formation while stirring the mixture in 
the autoclave during charging. Increasing the size of the autoclave outlet in order to obtain more efficient 
evacuation with the present pump, and the possible inclusion of a diffusion pump operating at lower pressures, 
is considered an advantage over the present arrangement. 

Sommaire: Description d’une usine pilote pour la production a l’échelle industrielle du boro-hydrure d’aluminium 


Bright Future Predicted for Vacuum Melted Metals In Chemical Industry 
See Abstract No.: 34/I 


Crystal Defects in Freshly Worked Surfaces 
United Kingdom. Reference is made to previous suggestions on the origin of emission phenomena (Kramer 
effect) and the blackening of photographic plates (Russell effect) observed with freshly worked or evaporated 
surfaces of certain metals. Exploring the conditions in the case of abraded and evaporated aluminium, abraded 
zinc and evaporated copper and gold, employing an open ended Geiger counter and various overlapping optical 
filters, the copper and the gold were found to be inactive but the other two materials showed an emission 
peak at 4,700A. It appears, therefore, that this effect occurs only in metals known to form excess metal oxide 
and in particular where such oxides have crystal defects. The emission may result from oxygen ion vacancies acting 
as electron traps in the case of evaporated films which have been deposited in the presence of traces of oxygen. 
These crystal imperfections may occur in the same way as in the ‘additive coloration’ method employed for 
producing F-centres in alkali halide crystals. In the case of abraded surfaces the encounter of an ion vacancy 
pair with a metal atom may be responsible for the effect. The authors quote results obtained in experiments 
on the luminescence of zinc oxide, supporting this view. Finally, in experiments carried out to investigate 
whether the Russell effect could be obtained from deformed ionic crystals of rock salt, it was found that blacken- 
ing could only be obtained after having irradiated the deformed part of the crystal surfaces with x-rays. The 
luminescence observed occurred in the region of 2,000-3,000A and this may indicate a transition of an electron 
either from the F-band to the valency band or from the conduction band to an acceptor level of the V-centre 
type. See Abstract No. 179/I Vol. III. 


Sommaire: On donne des détails des recherches poussées, sur ]’effet de Russell et Kramer. 


Twenty-Stage Molecular Distillation Unit 
See Abstract No.: 132/III 
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A Fifty-Stage Apparatus for Distillation at Very Low Pressures 
See Abstract No.: 128/III 


Vapour-Liquid Equilibria at Subatmospheric Pressures 
See Abstract No.: 138/III 


Use of Solubilising Agents in Gas-Phase Partition Chromatography 


United Kingdom. Attempts to improve column efficiency in gas-phase partition chromatography have been 
made in various directions. The column has been lengthened, the particle size of the support material has been 
reduced and higher pressures and higher operating temperatures have been employed. Any of these measures 
has serious drawbacks and it is generally desirable to operate the column at a low temperature and at relatively 
low pressures. Another means of improving column operation has been reported by James and Martin who 
improved the separation of fatty acids by the addition of stearic acid to the stationary solvent. Markedly 
reduced ‘tailing’ of the peaks and larger retention volumes were obtained. The improvement was attributed 
to a decrease of self-dimerization of the eluted acids in the stationary phase. The present authors report on 
experiments employing fatty acids for the same purpose, demonstrating that the improvements obtained cannot 
be due to the above-mentioned causes. A number of identical columns were used in which the solvents were 
supported on 120-mesh kieselguhr packed in a tube of 6 mm. diam. In order to obtain definite evidence of 
solubilisation, a system was used where any separation due to vapour pressure differences would tend to diminish 
by differences in solubility. A system of chloromethanes, with water as the solvent, was employed. Details 
of the vapour pressures (20°C), solubilisation in water, and retention volumes are given. The use of water as 
the solvent reduced the retention volumes, the volumes being smaller the lower the vapour pressure. ‘Dry’ 
columns of ‘Teepol’-water mixtures produced larger retention volumes. Results are given showing increased 
retention volumes employing non-aqueous media only, e.g. liquid paraffin on kieselguhr, in some instances, 
containing 17.5% by weight of stearic acid. The increased efficiency in the separation of chloromethanes at 
20°C on a 12-cm. column of liquid paraffin/stearic acid/kieselguhr at a flow rate of 76 ml./min. (nitrogen) for a 
period of 15 min., is demonstrated in a graph. 


Sommaire: Cet article traite des résultats obtenus avec des solvants dans la chromatographie de gaz, en vue 
d’augmenter la différentiation de volumes trappés de matériaux divisés. 


Natural Gas-Air Explosions at Reduced Pressure 


United States. Explosions in systems containing combustible mixtures of gases may result in either a flame wave 
or a detonation wave, the latter giving rise to greater pressures and destructiveness. Previous work on this 
problem was essentially concerned with detonations in fuel gas-oxygen mixtures and in fuel gas-air mixtures 
at atmospheric or elevated pressures. The present work deals with the possibility of detonations in hydrocarbon- 
air mixtures at reduced pressures. The experimental equipment consisted of a 305 ft. straight piece of pipe 
2 ft. in diameter fitted with a T-piece at one end which, in turn, carried a neoprene rupture disk at the end of 
the long run and connected the straight piece of piping to a 25-ft. run at right angles, leading to a vacuum 
manifold via a second T-piece. The manifold was 14 ft. long and 7 ft. in diameter. Natural gas (90% methane) 
and air in a near-stoichiometric mixture were admitted at the free end of the pipe, the pressure, ranging from 
0.2-0.4 atm., being set by a throttle valve in the pumping line beyond the manifold. The mixture was ignited 
by a magnesium flare 10 ft. inside the end of the pipe. Detonation velocity was determined by various methods, 
one comprising the cinematographic recording of small jet flames positioned along the pipe behind 1-inch 
rubber-capped holes, the rubber caps being blown out by the pressure wave and the flame becoming visible as a 
result. Velocity data were also obtained from the pressure records. These were obtained by diaphragm pressure 
pick-ups located at three points in the pipe wall giving a trace on a calibrated oscillograph film and by the 
aforementioned bursting discs. The theoretical velocity and pressures of a detonation wave were calculated 
by the methods of Jost, Lewis and von Elbe, all theoretical values being appreciably lower than those observed 
in practice with the exception of the velocity of detonation, the theoretical value of which was 6,000 ft. per sec. 
The values obtained in practice are shown in a table partly reproduced below. Detonations were obtained 


Final Detonation Velocities 


Detonation 
Velocity 
Ft/sec. 


Initial Initial 
Pressure, Velocity, 
Atm. Ft/sec. 


0.20 6,300 
0.30 76 6,000 
0.40 170 5,600 


Av. velocity 6,300 + 900 


in all runs where the water spray extinguishing system was not employed. The observed static pressure rises 
were several times greater than the theoretical value of 18. This may have been due to inaccurate working 
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of the recording system. Only one test was made to assess the total or impact pressure. In that case a disc 
designed for a pressure of 465 p.s.i.a. at the end of the 300 ft. straight run pipe was ruptured although the 
theoretical impact value was only 160 p.s.i. The water spray extinguishing system could effectively arrest both 
detonation and flame waves. 

Sommaire: Rapport sur des recherches faites pour déterminer le danger d’explosion d’un tube rempli d’un 
mélange naturel stoichiométrique d’air et de gaz, a une pression de 0.2 atm. 


Continuous Emission Spectra of Rare Gases in the Vacuum Ultra-Violet Region 
See Abstract No.: 99/I 


Light Emission from High Vacuum Gas Discharges 


Germany. The cost of a mass spectrometer is often too high to warrant its use for the analysis of gases at low 
pressures in industrial establishments. Details are given of an emission spectrograph which is suitable for the 
detection of traces of gases present at a partial pressure of 3 x 10°? mm. Hg (in the case of nitrogen, for instance). 
The light source is the discharge produced in a Penning-type ionisation gauge between cylindrical moly- 
bdenum electrodes providing a longitudinal magnetic field as described by Beck and Brisbane (Vacuum, 2, 
137). The spectroscopic equipment consists of a Schott interference filter, Veril 5.200, which consists of a glass 
strip 20 cm. long on which a wedge-shaped filter layer is deposited permitting maximum transmission at a 
uniformly increasing wavelength. The filter is housed in a light-proof metal casing and is driven by means of a 
synchronous motor past a 2 mm. opening. The light from the discharge passing through the opening reaches a 
photo-multiplier of the type RCA 931A or 6217. Special provisions have been made to reduce dark currents 
toa minimum. The instrument has been in use for the determination of the spectra of a number of gases and 
vapours. A glass vacuum system was employed for the purpose, fitted with a controlled leak consisting of a 
0.5 mm. platinum wire fused into hard glass (2877). When cold the leak rate was 3 x 107° 1. mm./sec., and when 
hot 3x 1078 1. mm./sec. The instrument successfully detects traces of hydrocarbons, mercury and nitrogen. 


Sommaire: On donne des détails sur un spectrographe a emission ayant un tube de Penning a décharge comme 
source lumineuse, un filtre d’interférence de Schott type Veril S.200 et un multiplicateur RCA. 


Spectroscopic Analysis of a Gas Mixture Excited by a High-Frequency Electric Field 


United States. In order to ionise gas by electron bombardment the electron must have a kinetic energy equiva- 
lent to the work required to split off an electron from an atom. This energy is known as the ionisation potential 
of the atom in question. In the case of hydrogen H, for instance, the ionisation potential is 16 V i.e. the anode 
voltage of an electron gun employed to produce the electron must be at least 16 V. If the energy of the electron 
is insufficient to produce ionisation but high enough to temporarily displace an electron in the atom, then 
the electron, during ‘falling back’ into its normal energy level, will give off the energy absorbed during 
the collision in the form of radiation. This phenomenon‘is called excitation of the atom and the corresponding 
excitation potential in the case of hydrogen is 11.57 V. The radiation obtained by excitation of the atom varies 
with, and is a characteristic of, the material in question. It produces the well-known line spectra of gases 
which are observed and recorded by the method known as emission spectrography. A gas sample introduced 
into an emission spectrograph is subjected to a d.c. or low frequency a.c. field, the potential difference of which 
is raised usually beyond the ionisation potential of all the gases which may be present. This will indicate its 
constituents by discharge radiation characteristic of the various gases. However, where a particular con- 
stituent of the gas atmosphere is only present in minute quantities in the discharge, the operational principle of the 
conventional emission spectrograph is not adequate to ensure tracing of this constituent. This problem is of 
importance with respect to helium which to an ever increasing extent is employed in leak detection apparatus. 
The smaller the quantities of helium which can be detected in the residual gas atmosphere drawn from an 
apparatus which is helium leak-tested, the higher the sensitivity of the leak testing procedure. Helium has 
a high ionisation and high first excitation potential, 24.5 V and 21.12 V respectively. In a conventional dis- 
charge the emission spectra of gases with a high ionisation potential tend to be extinguished because of a transfer 
of the energy of excitation to atoms of lower ionisation potential. This limits the effectiveness of the conven- 
tional emission spectrographic method. The transfer of energy can be avoided if the mean free path of the 
gaseous atmosphere is lengthened beyond the values now employed, the latter being governed by the pressures 
required to maintain a discharge in the d.c. spectroscope. It is, therefore, proposed to employ a h.f. discharge 
which can be maintained at appreciably higher values of mean free path, 7.e. at appreciably lower pressures. 
As a result the probability of collision between a helium and another gas molecule present is so low that 
unimpeded spectro-emission of the excited helium can be expected. The arrangement proposed for a spectro- 
graph of this nature consists essentially of an r.f. oscillator comprising a triode of the ‘lighthouse’ type connected 
to a discharge cavity which is fitted with a glass discharge bottle in a suitable position, the bottle having a hole 
at the top and the bottom, the former connecting with the vacuum system and the latter connecting with the 
pumping unit. The gas sample to be analysed is drawn through the bottle. The spectra are observed and 
recorded by means of an optical system positioned in line with a lens in the envelope of the discharge cavity 
permitting optical access to the gas sample passing through the discharge bottle. A fixed focus or a variable 
focus system may be used, the former employed for the detection of a particular gas, and the latter for analyses 
of a more complex nature. The frequencies employed range from 250-750 megacycles. The gas pressure in 
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the bottle varies from 10™3 to 10°* mm. Hg. The actual recording element in the optical system is a photo-cell 
connected to a supply of 1,000 V and 1 mA. An ammeter in series with the photocell indicates the conductivity 


of the cell. 
Sommaire: Des détails sont donnés sur un spectrographe opérant par haute fréquence, pour la spectroscopie 
d’émission. 


Roentgen Absorption Spectrophotometry in Quantitative Cytochemistry 


Sweden. The analytical methods employed in histo- and cytochemistry for the exploration of small biological 
objects not exceeding dimensions of 20 u can be classed into two groups: Indirect methods, and direct methods. 
Indirect methods cover procedures such as the micromanipulation and differential centrifugation or extraction 
procedures, etc. Among the direct methods physical procedures are becoming increasingly important, in par- 
ticular where quantitative determinations are desired. One of the latter is the method of quantitative absorption 
spectrophotometry which is successfully employed in various ranges of the electro-magnetic spectrum. Resolv- 
ing powers down to 1]—2 y are desirable, and the work reported here has been undertaken with the aim of 
increasing resolving power and the accuracy of the method in the range of soft x-radiation, 7.e. in the range 
of 150-1 A, and in the range of the ordinary x-radiation which is below 1 A. The particular purpose was to 
make possible elementary analyses on a cellular level, expressed as percentage of weight, independent of the 
thickness of the specimen and of shrinkage effects. The report is presented in three parts. The first part 
discusses the physical basis of the technique with particular reference to cytochemical applications. The second 
part describes the theory and practical procedures developed for total dry weight determinations of cytological 
structures in the soft x-ray range. An x-ray tube specially designed for the purpose is described. The cylindrical 
anode of the tube is situated horizontally and is made from copper tubing for good thermal conductivity. 
Grooves are machined into the anode surface which facilitate the insertion of strips of different materials. This 
enables the insertion of material such as platinum or tungsten in order to meet the requirement for anode 
materials of high atomic number which improve the efficiency of an x-ray tube. The cathode is in a vertical 
position and fitted with a filament of 50 mm. length which has a service life of several hundred hours. Three 
suitably shaped focusing sheets, made of nickel plate of 0.5 mm. thickness, are employed to produce a focus 
spot of about 1 x 6.5 mm. When run at about 0.6, 1.0 and 1.5 kV the maximum electron current in the tube is 
10, 20 and 45 mA. The specimen holder, of which details are given, is situated in the same vertical plane as the 
anode and cathode, at an angle of 8° with the axis of the anode. The pumping unit consists of a molecular 
pump and a two-stage rotary pump. Various methods of specimen preparation are described including freeze 
drying methods. In the third part of the report the theory of, and the practical method employed in, quantita- 
tive elementary analyses of small biological objects are reviewed. In this connection a high vacuum x-ray 
spectrophotometer with bent crystal is described which embodies the same type of x-ray tube as described 
previously. Mica and quartz crystals of a size of 40 x 20 x 0.25 mm. and with a radius of curvature of 200 mm. 
and 385 mm. were employed. In the case of the quartz crystals, the grating spaces 4.246 and 3.336 kX.U. 
were used. In addition, barium-copper-stearate crystals were employed in some special experiments in the 
range of extremely soft x-radiation. The recording system incorporates a Geiger counter made of brass and 
fitted with a Formvar window. An oil diffusion pump unit was provided to obtain operational pressure of 107° 
mm. Hg. A wiring diagram of the h.t. supply system is given. A number of applications of the apparatus 
are described. 211 references. 


Sommaire: Un important rapport sur les emplois de la spectrophotométrie de l’absorption des rayons-X dans la 
cytochimie quantitative de petits spécimens biologiques, n’excédant pas 20 u de grosseur. 


Vacuum Photolysis of Silver Bromide and Silver Chloride 


United States. The quantum yields of halogen production in the vacuum photolysis of silver bromide and silver 
chloride have been measured at various temperatures, wavelengths, and light intensities. Silver-bromide 
crystals containing small amounts of copper and cadmium bromide have also been studied. At room temperature, 
the yields of thick crystals follow the equation, ) = Q(1l-e7*@), where Q is the surface efficiency, k is the 
absorption coefficient, and a is a parameter which is defined below. At room température, in the halogen 
evolution range studied, the value of a for silver bromide is about 0.4 » and that for silver chloride is about 
0.24 u . The values of Q are usually between 0.5 and 1.0. The quantum yield of halogen production at room 
temperature is similar to the yield of a fast wall reaction. Both depend on the diffusion of reactants to the 
surface. The parameter a is related to the thickness of the diffusion layer. A numerical solution of the diffusion 
equation by C. A. Duboc has shown that a = 1.154 D+/k4k,I+ where D is the diffusion coefficient of positive 
holes and electrons k, is the recombination coefficient of positive holes and electrons in the silver halide, and 
Io is the incident intensity of light. Above a certain temperature, the quantum yields decrease with increasing 
temperature, the long-wavelength yields increase relative to those of short wavelength and the yields increase 
with increasing light intensity. These effects are inhibited by the addition of copper bromide to silver-bromide 
crystals. The decrease in yield at high temperatures is probably caused by the decreased effectiveness of traps. 
The cadmium results indicate that this decrease is also affected by the ionic conductivity of the crystals. The 
addition of copper or cadmium ion does not have a large effect on the quantum yields at room temperature. 
This indicates that positive-ion vacancies in the silver halides are not good positive hole-traps at room tempera- 
ture. The data and the solution of the diffusion equation indicate that the quantum yield of photoconductivity 
and photolysis are closely related. Additional measurements of photoconductivity and light-absorption 


coefficients are needed before the results can be completely interpreted. 
(Science Abstracts) 


Sommaire: On a mesuré, a différentes températures, longueurs d’onde et intensités de lumiére, la quantité 
d’halogéne degazée dans la photolyse sous vide du bromure d’argent et du chlorure d’argent. 
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An Apparatus for the Measurement of Dynamic Mechanical Properties of Polymers Over a Wide Temperature 
Range 
See Abstract No.: 162/III 


Determinations of Hydrocarbons by a Palladium Tube Mass Spectrometer Method 
See Abstract No.: 15/IV 


Determination of Moisture in Jams, Fruit Concentrates, and Candied Fruits 
Switzerland. The method of Pritzker (Chemical Abstracts, 47, 4513a) was re-investigated by using C1]1,C:CCl, 
to distil an azeotropic mixture with water. Finely divided candied fruit (20 g.) is mixed with 50 g. of sand and 
5 g. of CaCO, in a 300 ml. Erlenmeyer flask; C1,C:CC1, is added and mixed with the solids, and enough of the 
solvent is added to cover the mass. The distillation is carried on for 30 min., and the volume of distilled water 
is read after cooling. This method (I) was compared with moisture determinations by vacuum drying (II). 
Results were as follows: red currant jam I 28.7 II 28.5%; candied pineapple slices I 22.6%, II 23%; candied 
lemon peel I 20.35%, II 19%; sugar syrup containing sucrose 8.33, glucose 12.5, and fructose 12.5% I, 66.5, 
II 


(Chemica’ Abstracts) 


Sommaire: On a étudié la détermination d’humidité dans les confitures, les concentrés de fruit et les fruits confits, 
au moyen des méthodes de Pritzker. 
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Bright Future Predicted for Vacuum Melted Metals in Chemical Industry 
See Abstract No.: 34/I 


Promises and Problems Posed by Vacuum Melting 
United States. There are many instances where aircraft and land vehicles, jet engines and electronic apparatus 
are restricted in their development by the properties of metallic construction materials. Air-melted alloys seem 
to have reached the optimum performance obtainable by this material and the need for the superior quality 
due to vacuum melting is indicated. The improvements fall into three classes, (i) those resulting from increased 
freedom from inclusions, (ii) those achieved by the elimination of gaseous or gas-metal compound precipitation 
and (iii) those based on better composition control. Reduction of inclusions in a precipitation-hardened alloy, 
for instance, improves hot working; reduction of the gas content is probably the cause of improved intergranular 
strength, and closer control of hardening additions gives more uniform heat treatment response. Comparative 
figures for the impact properties of air and vacuum-melted alloys are given in a table reproduced below. 


Ferritic 
Stainless Steels 


Ferrovac* 
Air Melt 

Ferrovac* 144 
Air Melt 


* Trade mark, Vacuum Metals Corp. 


One of the problems of vacuum melting is economical. The use of high-cost equipment of relatively low capacity 
increases the cost of the product and a balance must be struck between improved properties and increased cost. 
Many technical problems also arise. Furnace refractories are more easily reduced under vacuum, and their 
destruction may contaminate the melt significantly. Mostly, basic linings have been used for vacuum induction 
melting but they have a tendency to develop thermal cracks, which sets an economical and a safety problem. 
Water penetrating into the vacuum furnace as the result of a lining break-out, or due to leakage from the water- 
cooled induction coil, forms hydrogen in contact with the molten metal, and, if oxygen is subsequently allowed 
to enter, an explosive mixture may be formed. Finally, a satisfactory melt can be spoiled by contamination 
with debris from the refractory during tapping. 

Sommaire: Un article détaillé des avantages offerts par la fusion sous vide, comprenant une discussion de 
Vaspect économique et certaines particularités techniques se rapportant a la construction de fours. 
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European Vacuum Melting History and Practice 

United Kingdom. Melting under reduced pressure was first used on an industrial scale by Heraeus Vacuum- 
schmelze about 1920. Attention was drawn to this technique because it facilitates the removal of gases, 
minimises oxidation and achieves better control of composition. Problems encountered in practising the new 
technique emphasised those extant in metallurgy generally. For instance, piping or shrinkage cavities were 
exaggerated and, to counteract this, slow pouring under vacuum with water-cooled copper moulds was adopted. 
The early furnaces were resistance-heated and pumped by high-capacity mechanical rotary pumps. Three 
furnaces, one of the Roechling Rodenhauser type, a side pouring furnace and a bottom pouring furnace in 
use before the second world war, are illustrated and described. Since then, the advent of high speed vacuum 
pumps has stimulated vacuum furnace design developments. The latest additions to the pump range, 7.e. 
the booster pump operating against a high backing pressure (up to 3 mm. Hg), and the gas ballast rotary 
pump facilitating the pumping of condensible vapours, are particularly suitable for vacuum melting furnaces. A 
modern 200-lb. vacuum furnace, fitted with induction heating equipment and employed for steel melting, 
requires about 20-25 min. to be evacuated to 10° mm. Hg. This pressure is maintained during the preheating 
time but during melting proper the pressure will rise to 10°? mm. Hg, to be reduced again to 10°? mm. Hg im- 
mediately before casting. In many respects, low pressure operation of furnaces required a new approach to furnace 
design. The construction materials must not outgas, the refractories employed must not decompose and the in- 
ternal surface of the chamber must be smooth. The normal range of crucible capacities varies from 20 to 1,200 lb. 
(steel). Various arrangements for feeding the crucible are described. The power to the induction coils is supplied 
by a motor generator, and the voltage across the coil should not exceed 400V, to avoid electrical discharges. The 
frequencies employed range from 0.5 to 10 Ke./sec. Vapour rising during the melting process tends to deposit on 
the observation windows, and designs for overcoming this difficulty are briefly mentioned. For the same reason a 
retractable thermocouple for temperature measurement is often preferred to the provision of an optical pyro- 
meter. Operational pressure has to be selected carefully, e.g., in the case of constituents such as manganese or 
nickel base alloys which are to be retained in the melt the pressure must be above the partial vapour pressure of 
the constituents in order to prevent vaporisation. The potentialities of the vacuum arc furnace as a means of 
dealing with high melting point reactive metals, which cannot be melted in a crucible, are mentioned, and a 
description is given of the preparation of high purity iron by a vacuum method evolved at the National 
Physical Laboratory. 

Sommaire: Une revue historique sur les débuts de la construction de four et une mise a jour du développement 
dans la fusion sous vide, en Europe. 


Apparatus for the Vacuum Melting of High Purity Materials 
See Abstract No.: 106/IIT 


Improvements r.t. Vacuum Arc Melting of High Melting Point Metallic Materials 
See Abstract No.: 96/III 


Improvements r.t. the Sintering of Powder Metallurgical Shaped Articles 
See Abstract No.: 108/III 


Apparatus for X-Ray Diffraction Studies of Metals under Controlled Stress at Elevated Temperature 
See Abstract No.: 57/II 


Apparatus for Measuring the Thermal Conductivity of Metals in Vacuum at High Temperatures 


United States. An instrument, based on a design published by Van Dusen and Shelton, has been developed for 
the determination of the thermal conductivity of zirconium-based alloys, but is equally suitable for other metals. 
The original design provided for determinations by comparison with a standard of known conductivity, whereas 
the new apparatus facilitates absolute measurement. Each specimen employed was cylindrical and had a 
diameter of 0.787 inch and a length of 7.938 inch. It was brazed in a vertical position to a copper block which 
housed a resistance heater. In order to minimise radial heat losses of the specimen it was surrounded over its 
whole length by a closely fitting heated porcelain guard, the temperature distribution of which could be varied 
within certain limits. A constant-flow water calorimeter was soft-soldered to the top of the specimen and 
consisted of a thin-walled hollow copper cylinder, ~ inch high and 0.787 inch in diameter. The whole assembly 
was placed in a 5-inch diam. vacuum-type brass shell which also carried a concentric porcelain shield. Measure- 
ments were carried out at a pressure of 0.02 u Hg produced by an oil diffusion pump unit. Operation at reduced 
pressure was essential to minimise contamination of the specimen at elevated temperatures. The calorimeter 
connections passed through brass bellows to allow for the expansion of the specimen. The axial temperature 
gradients were determined by seven thermocouples spaced in grooves in the specimen about 1.15 inch. apart. 
By placing another seven thermocouples in the heated guard at corresponding positions, the differential between 
the former and the latter e.m.f. being indicated by a potentiometer, the radial temperature gradients could be 
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determined. The conductivity at temperature 7, was calculated from the equation 


A (T,-T)) 
where T, — T, = axial temperature gradient, L = distance over which the temperature gradient is measured, 
2 


Q = steady time rate of heat flow, A = cross-sectional area of the bar, and T = (7,+7,)/2. By neglecting 
thermal expansion which affects L and A the error introduced was found to be no greater than 0.7% at the 
highest test temperature. The results obtained by the author with 99.65% pure nickel compare well with the 
data published by Van Dusen and Shelton. The following are the values obtained by the author: 
For nickel: Range 95°-383°C Kr = 0.783 (1—7.37 x 10°*T), 

Range 383°-522°C Kr = 0.439 (147.27 x 
For zirconium: Range 65°-675°C Kr = 0.223 (1—6.48 x 10°47 +.9.72 x T?) 
where Ky is expressed in watts cm™°Ct and T in°C, Similar results are given for zirconium-3-percent tin alloy. 
Sommaire: Description d’un appareil de mesure de la conductivité thermique des alliages a base de zirconium 
a hautes températures, facilitant l’enregistrement de mesures absolues. 


The Vapour Pressure of Calcium I. 
See Abstract No.: 117/II 


The Vapour Pressure of Calcium II. 
See Abstract No.: 118/II 


Plutonium: Evaporation Tests, Ionisation Potential and Electron Emission 
See Abstract No.: 112/I 


Heat Transfer in the Condensation of Metal Vapours: Mercury and Sodium up to Atmospheric Pressure 
See Abstract No.: 109/I 


Melt-Quality Tests I. Non-Ferrous 
United Kingdom. A report is given of a meeting of the Institute of British Foundrymen on melt-quality tests where 
V. Kondic stated that a clear definition of melt-quality tests is still lacking and practical procedures are far from 
being scientifically correct. This applies in particular to the spiral fluidity test frequently used in iron foundries 
which failed because it cannot be readily reproduced and fails to detect metal quality. Kondic proposed a new 
form of fluidity test whereby star-shaped specimens are cast consisting of six arms of equal width and varying 
sectional thickness. J. Wood dealt with melt-quality tests for light alloys, in particular aluminium-base alloys. 
The major defects for appropriate tests in this branch of foundry practice are gas porosity, non-metallic inclusions 
(generally oxides) and coarse grain-size. Re. the first defect it is stated that virtually the only gas present in liquid 
aluminium is hydrogen. Various methods of hydrogen determination in light alloys have been developed, e.g. the 
direct method by Ransley. This test takes 15-20 mins. which is too long for a routine procedure. Another method, 
the vacuum solidification test, is more suitable for the purpose. It can be applied either to ascertain that the hy- 
drogen content is sufficiently low, or sufficiently high, as in the case of gravity die-castings where deliberate 
additions of gas are often made in order to prevent cavities and cracks resulting from solidification shrinkage. 
The method provides for a sample to be cast in a crucible placed in a vacuum vessel, and to be cooled down 
under reduced pressure. At a pressure of 20-50mm. Hg the gas cavities are 40-15 times larger than they would 
be at atmospheric pressure. The test requires 2 minutes. The apparatus is based on the original design by 
Straube-Pfeiffer and costs £50-£100. There are various modifications of the method essentially concerned 
with the problem of preventing escape of gas bubbles from the sample while it is solidifying. In one case, 
the sample is cooled in a clay-graphite crucible, and an aluminium disc 0.2—0.3 inch thick is placed on the 
metal surface prior to the freezing of the material. Evaluation of the tests is carried out by comparison with 
samples cast at atmospheric pressure. As the vacuum samples have a lower density than those cooled in air, 
acceptance standards may be developed based on whether the vacuum-cooled sample floats or sinks in a 
heavy liquid such as bromoform. The paper concludes with remarks on tests aimed at the detection of oxides 
and other inclusions in the melt, but these tests are as yet rather undeveloped. The same applies to grain-size 
testing procedures. 

Sommaire: Rapport sur une réunion de l’Institut des Fondeurs sur la valeur des essais sur la qualité des fusions. 
L’emploi de l’essai par solidification sous vide comme essai de routine est discuté. 


Preparation and Arc Melting of High Purity Iron 
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Oxygen Content of Gray Cast Iron Increases with Time 

United States. Vacuum fusion analysis of four different grey cast irons at intervals up to one year has shown 
that the oxygen content of the irons increased with time. Three of the irons were conventional flake-type irons 
while the fourth contained nodular graphite. The iron was melted in an induction furnace and cast into }-inch 
thick plates in green sand moulds. Specimens were prepared by cutting segments of about 5 g. from the 
plates and sand-blasting them to remove surface contamination. They were then handled with tongs or rubber 
gloves. Standard vacuum fusion analysis was carried out by dissolving the sample in a carbon-saturated iron 
bath at 3,000°F. The gases evolved were analysed in an apparatus having a sensitivity of + 0.0001 wt.% 
oxygen. Specimens were analysed within 24 hours of casting and then at intervals of one week, one month, 
three months, six months and one year. The specimens were stored under atmospheric conditions and were 
sand-blasted again immediately before analysis to remove any rust. Analyses made within 24 hours of casting 
showed oxygen contents of 0.0024—0.0037% for the flake-type irons and 0.0011% for the nodular iron. These 
values are in agreement with the value of 0.001—0.004% by weight which is predicted by theory for grey cast 
iron of normal silicon content. The three conventional flake-type irons absorbed oxygen readily during the 
period immediately after casting. The normal oxygen content of 0.004% was exceeded within one week by 
one of these irons and in just over a month by the other two. Nodular iron did not absorb oyxgen so readily 
and after 12 months the oxygen content had only increased to 0.0025%. This may explain the greater resistance 
of nodular irons to oxidation and growth at high temperatures. The only property of the irons which could be 
related to the increase in oxygen content was the size of the graphite flakes connected to the surface of the casting. 
As the size of the flakes increased in a given time, the amount of oxygen absorbed also increased. 


Sommaire: Quatre fers différents furent analysés par les techniques de fusion sous vide a des intervalles allant 
jusqu’ 4 un an, montrent que la quantité d’oxygéne dans la fonte grise augmente avec le temps. 


Hydrogen in Cast Iron 
See Abstract No.: 81/II 


Hydrogen in Steelmaking 
Sweden. The principal source of hydrogen in steelmaking is water vapour in the atmosphere and in the com- 
bustion gases of the open hearth. Moist materials added to the slag contribute hydrogen, especially after de- 
oxidation. Moist refractories give up hydrogen to the steel, especially to killed steel. The absorption of hydrogen 
from moisture increases as the oxygen content of the metal decreases. Certain measures can be proposed for 
limiting the hydrogen content of steels. (1) A vigorous boil should be maintained in order to flush the hydrogen 
from the bath and to attain a minimum value. If blocking in the furnace is necessary, the heat should be tapped 
as soon thereafter as possible. (2) Ladle and runner refractories should be completely dry when killed steels 
are to be tapped. (3) Additions made after the completion of the boil should be completely free from moisture. 
(4) The use of tar and other hydrogenous mould coatings should be avoided where hydrogen is a problem. 
(Author) 


Sommaire: Une étude sur les sources principales d’hydrogéne dans la fabrication de I’acier. 


A Method of Determining the Hydrogen Content in Materials, Principally Steel 


Germany. There are many instances where it is required to determine the hydrogen content in steel under 
conditions which make it impossible to remove a specimen from the material to be tested. A suitable method, 
especially for laboratory purposes, is the measurement of hydrogen content by means of neutron absorption. 
Neutrons passing through steel will only be slowed down by elastic impact during passage, as the electrical 
field surrounding the atomic nuclei of the material has no effect on the motion of the neutrons. But hydrogen 
atoms slow down the neutrons appreciably, causing substantial absorption. In a modified form of the method, 
it is proposed to increase the intensity of the neutron beam emerging from the material with the help of a 
Geiger counter, and to compare the value obtained with that observed after passage through an ampoule of 
material of known hydrogen content. A suitable neutron source is beryllium, bombarded by deuterons. Molten, 
plastic or solid steel as well as other metals and alloys may be tested by this method. 


Sommaire: Description d’une méthode non-destructive, pour déterminer le contenu d’hydrogéne dans lI’acier, 
comprenant l’emploi des neutrons, et pouvant aussi déterminer l’absorption d’hydrogéne par le matériau. 


Diffusion of Nitrogen and Oxygen in Titanium 

United Kingdom. When titanium is worked it becomes contaminated with nitrogen and oxygen. A knowledge 
of the diffusion rates of oxygen and nitrogen in titanium would assist the evaluation of the contamination taking 
place during working of the metal. The authors studied the diffusion rates of both gases in titanium in specimens 
prepared by means of direct gas-metal reaction.! Reactions with oxygen were carried out in the range 950°-1,414°C 
and the reactions with nitrogen in the range 900°-1,570°C. The metal specimens were of 99.85% -+ purity, 
45 mm. long, and machined down to 0.350 inch diameter from rods, 0.375 inch in diameter, prepared from argon 
arc-melted iodised titanium. The gases employed were of the high purity grade available commercially. The reac- 
tions were carried out in a modified Sieverts apparatus using a Vycor glass vessel for temperatures below 1.000°C 
and a Mullite vessel for temperatures above 1,000°C. Specimens to be treated at temperatures below 1,000°C were 
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first vacuum annealed for one hour at 1,000°C. After placing the specimen in the reaction vessel the latter was 
evacuated by means of a two-stage mercury diffusion pump. Reaction temperatures were measured by thermo- 
couples. The effective reaction volume was determined with argon before the nitrogen or oxygen was admitted. 
Reaction rates were followed where possible by observing the pressure changes in the vessel. In the case of nitrogen, 
small quantities of the gas were admitted during the reaction to keep the pressure within + 5% of the nominal 
value, but in the experiment with oxygen a predetermined quantity of gas was admitted initially and the reaction 
was carried out at decreasing gas pressure for a given time. After completion of the reaction, 6 mm. of each end of 
the specimen was trimmed off, leaving a length in which the solute-concentration gradient depended only on radial 
diffusion. Then the surface layers which had formed on the specimen during reaction were machined off, and a few 
chips removed from the remaining core were employed for the determination of the radial solute-concentration 
distribution. Analysis for nitrogen was carried out in a modified Kjeldahl apparatus and, analysis for oxygen was 
carried out by the vacuum fusion method. The mathematical analysis of the experimentally observed values was 
carried out on the basis of the solution of Fick’s diffusion equation for an infinite cylinder, assuming that the diffu- 
sion coefficient is constant. This was stated to be the case in a previous investigation of the diffusion of nitrogen in 
zirconium and appears to be confirmed by the present experiment for nitrogen throughout the solubility range 
in @-titanium. Diffusion rates for oxygen, however, appear to decrease at higher solute concentrations. The 
reaction rates for nitrogen were found to follow the parabolic law with the exception of deviations during the 
initial period. A mathematical analysis has been carried out to account for these initial deviations. In a 
similar way, the case of diffusion with simultaneous formation and growth of a surface layer, too thin for the 
determination of the concentration distribution by chemical analysis, has been investigated, and an expression 
has been developed which permits estimation of the diffusion coefficient of the solute in the surface layer from 
the experimental data. This analysis was used to evaluate the diffusion qnetictonts of nitrogen in «-titanium 
and titanium nitride between 900° and 1,570°C. 


Sommaire: Ona déterminé les taux de diffusion et leurs températures réciproques dans du titanium massif, pour 
l’azote, entre 900 et 1,570°C et pour l’oxygéne entre 950 et 1,414°C. 


Titanium 
United States. Titanium must be processed under vacuum or in a noble gas atmosphere whenever the tempera- 
ture is to be raised to a level sufficiently high to cause rapid pick-up of oxygen and nitrogen if worked in 
atmospheric air. Hydrogen is now also recognised as a dangerous contaminant and the mechanism of its intro- 
duction into the metal and the effects of its pressure are discussed. A hydrogen contamination of 60 p.p.m. 
is accepted as the maximum tolerance level for titanium alloys after fabrication. The hydrogen can be removed 
by pumping it off during annealing under reduced pressure. The gas content of a }-inch rod ‘initially containing 
43 p.p.m. hydrogen could be reduced by 60% in 40 min., operating at 1 » Hg and 815°C. The change of prop- 
erties of commercial titanium with temperature are given in a table reproduced below. The properties of 
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various alloys in this respect are considered, as are the ageing effects observed in some alloys. References to 
earlier papers on this subject are given. The wear resistance and high reactivity of the material causes difficulties 
in machining, e.g. grinding, and its low Young’s modulus gives rise to appreciable deflections under load. On 
the other hand, the material has most attractive properties, such as a strength-to-weight ratio and corrosion 
resistance to chlorides which favour its use in marine applications. Chemical attack on titanium is usually 
smooth and free from pitting. The composition and properties of commercially available titanium alloys are 
listed. Aluminium and tin alloys of the metal are the most promising and manganese-titanium alloys have 
good bending properties for sheet metal work. 

Sommaire: Discussion des différentes propriétés du titanium comme matériau de construction, et des effets 
de gaz trappés tels que l’hydrogéne. 
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Production and Purification of Titanium 


United Kingdom. Reference is made to methods of producing somewhat impure metallic titanium by the 
reduction of titania, with carbon for example, in an electric furnace. The end product of these methods contains 
carbon as an impurity to a very large extent. A distillation method is proposed to eliminate the carbon impurity 
in titanium produced by such methods which comprises essentially the following processing steps. The impure 
titanium is brought into contact with the vapours of a volatile halide of zinc, preferably zinc bromide, ZnBry, 
at a suitably elevated temperature and reduced pressure. The resultant reaction gives a gaseous mixture 
consisting of titanium halide (mainly dihalide) and zinc vapour. The mixture is brought into contact with zinc 
introduced either in liquid or vapour form and this causes the regeneration of zinc halide and the formation and 
condensation of a zinc-titanium alloy. The zinc can be removed from the alloy by evaporation leaving a metallic 
titanium substantially free from impurities as the end product of the process. The regeneration of the zinc 
halide during the condensation of the titanium alloy facilitates cyclic operation of the process. Condensation 
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of the zinc-titanium alloy is found to proceed best if arrangements are made for a high concentration of zinc 
vapour in the condensing zone to meet a comparatively low concentration of the titanium halide arriving in 
the condensing zone, the principle of counter currents being invoked. Two examples of the operation of the 
method are given. In one case, a stream of argon is passed over a graphite boat containing zinc bromide kept 
at 425°C. The stream, now saturated with the halide vapour, continues over the impure titanium (3 to 6 mesh) 
held in a graphite tube maintained at 1,000°C, the graphite tube being lined with molybdenum. The entrained 
reaction product finally reaches a molybdenum-lined graphite condenser where the deposition of the zinc- 
titanium alloy takes place in the presence of molten zinc contained in a special graphite tray maintained at a 
temperature ranging from 600° to 800°C. The zinc bromide vapour in the emergent gas stream was condensed 
separately. The alloy deposit contained 2% by weight of titanium and was subsequently heated in vacuum at 
1,000°—1, 100°C in order to remove the zinc. The end product was substantially free from carbon which constituted 
the main impurity prior to the treatment. See also Abstract 199/I. 


Sommaire: On propose une méthode de purification du carbone contenant du titanium, en le mettant en contact 
avec des vapeurs de bromure de zinc; de l’halure de titane se forme et se condense sous forme d’alliage titane 
zinc aprés contact avec des vapeurs de zinc pur. 


Production and Purification of Titanium 


United Kingdom. A method is described for the production or purification of metallic titanium which is opera- 
ting on similar lines to the method reported in Abstract No. 198/I. The impure titanium reacts with titanium 
tetra-halide vapours, TiCl,, at a suitably elevated temperature and reduced pressure. As a result the lower 
halides are formed and condensed, free from the usual impurities such as carbon, oxygen and other metals, and 
can then be decomposed by heating into purer metallic titanium and tetra-halide vapours which can be re-used. 
The materials suitably for treatment can either be titanium or titanium alloy products or mixtures of titanium 
and carbon. An example of the process is given. By employing two ‘convertors’ which are alternately heated 
and cooled, the tetra-halide vapour can be circulated continuously through one or the other, without conden- 
sation. A yield corresponding to 40° of complete conversion of the tetra-halide is claimed. 


Sommaire: Description d’une méthode semblable a celle du résumé 198/I, pour la purification de titane métallique 
contenant des impuretés telles que du carbone, de l’oxygéne et autres métaux; le titanium impur entre en 
contact avec des vapeurs de tétra-halure de titane; des halures sont formés et condensés puis décomposés en 
vapeurs de tetra-halure et de titane métallique pur, par un traitement aproprié. 


Moulds for Titanium Casting 
See Abstract No.: 103/III 


Titanium and Zirconium Tubing Annealed in Vacuum Furnace 


United States. The availability of zirconium tubing for commercial purposes is still restricted and therefore the 
greater part of the information given refers to titanium tubing. The latter is now available commercially in 
diameters of 0.012 to 1.500 inch and in wall thicknesses ranging from 0.002 to 0.187 inch. Titanium tubing is 
produced by either of two processes, ‘seamless’ or welded and drawn. In the case of the former, hot extruded 
billets are cold drawn using I.D. mandrels and plugs providing for vacuum annealing at various stages in the 
process. In the case of welding and drawing, bright annealed cold-rolled titanium strip is formed into tubes 
by a rolling process. Then the edges of the opened seam are arc-welded together under an inert atmosphere 
(helium or argon). Welding may be carried out in a tank where the welding equipment, as well as the parts to be 
fabricated, are contained and which represents a completely sealed unit. Spot welding of titanium to itself 
can be carried out in atmosphere. Some information is given on the brazing of unalloyed titanium tubing. 
Tubing is now available in lengths up to 24 ft., and the frequent vacuum annealing associated with the pro- 
duction of tubing requires a special design of vacuum annealing furnace. Details of this are given in the text 
and in illustrations. The muffle which contains the components to be heat-treated (which could be 10 inch. 
in diameter and 24 ft. long) is made of 310 stainless steel sections rolled and welded together. The muffle can 
be withdrawn from the furnace for the purpose of loading and unloading. Electrical heater elements surround 
the muffle on four sides. The total heater load is 150 kVA. The maximum operational temperature obtainable 
is 1,850°F. The operational pressure varies from 0.5 to 5 w Hg. The pumping unit consists of an oil diffusion 
booster pump, a mechanical holding pump and a mechanical fore pump. A refrigerated baffle is placed in 
front of the oil diffusion pump to prevent backstreaming of oil vapours. Normal annealing temperature in 
the case of titanium tubing is about 1,300°F. 


Sommaire: On donne des détails sur la production de tubes de titane pouvant étre obtenus dans le commerce; 
cette fabrication demande de nombreux recuits et un four a vide spécial est décrit. 


Variations and Modifications of the Kroll Process for Production of Zirconium Metal 
See Abstract No.: 100/III 


Production of Zirconium Alloys by Consumable Electrode Arc Melting 
See Abstract No.: 99/III 
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The Electrodeposition and Refining of High-Grade Chromium 


Australia. Reference is made to an investigation reported earlier (H. T. Greenaway, J. Inst. Metals, 80, 1951- 
1952, 109) which was concerned with the production of electrolytic chromium containing 0.05 wt. % (0.15 at.%) 
oxygen as its major impurity. The present report describes a study to produce higher quality chromium 
containing 0.01—0.02 wt. % (0.03—0.06 at. %) oxygen and 0.002—0.005 wt. % (0.007-0.019 at. %) nitrogen. In 
addition a method of reducing oxygen and nitrogen content by hydrogen is described which reduces the content 
of these constituents to limits below chemical detection. The investigation is concerned with operations em- 
ploying the hexavalent bath only, producing deposits in the range of 0.06—0.12 inch thickness. In the first part 
of the paper the effects of plating temperature, time, current density and bath components on the purity of the 
metal and on the current efficiency have been studied. The results of the investigation have led to the following 
conclusions: (a) An oxygen content as low as 0.01% can be obtained if the temperature of the bath is increased 
to about 87°C. (b) Low oxygen content is obtained by arranging the bath composition to be of a ratio CrO,:SO, 
of less than 100, but not too low otherwise high oxygen content will result. (c) Current efficiencies above 8%, 
associated with low oxygen content, seem to be obtainable only for short plating times, of the order of about 
4hr. (d) Current densities are not critical, but low current densities appear to give slightly better current effi- 
ciencies. Following the above investigation, the author decided on the following operational conditions for his 
own plants. The current efficiency of the plant is 7%. The chromium produced contains 0.02% oxygen and 


Bath composition 30 g./l. chromic acid, 4 g./l. sulphate 
Temperature: 83°C. 

Current density: 880 A/sq.ft. 

Plating time: 89-90 hr. 


0.002% nitrogen. One plant operates from a 60V d.c. rectifier which produces cylindrical deposits 5 inch, long, 
$ inch bore and 0.1 inch thick, weight approximately 100 g. In order to reduce oxygen and nitrogen contents 
still further, the author developed the following hydrogen reduction technique. The hydrogen is generated ina 
Kipps apparatus and is passed through a drying and purification train into a glazed silica tube carrying an 
induction coil on its outer surface to heat the chromium charges. The latter, consisting of one chromium tube 
10 inch. long and 1 inch bore into which are inserted two tubes each 5 inch long and 3? inch bore, all three 
weighing approximately 600 g. total, are held in the centre of the silica tube by means of tungsten rods. The 
gas finally leaves the apparatus via a bubbler inserted to regulate the gas flow to atmosphere. The apparatus 
can be evacuated through a separate connection. In operation the chromium charge is heated to about 1,500°C, 
the gas flow regulated to 3-4 bubbles per second, and the heating continued for 3-4 hours. The results obtained 
with this procedure are shown in a table reproduced below. 


Results Obtained with Hydvogen-Reduction Apparatus. 


Starting Material Treatment Product 
hr. at 

0,, wt. % N,, wt. % 1,500°C 0,, wt. % N,, ut. % 
0.11 0.002 3.5 0.02 < 0.001 
0.11 0.002 + < 0.005 0.001 
0.12 A 3 0.02 < 0.001 
0.12 4 < 0.005 < 0.001 
0.05 3 < 0.005 < 0.001 


Article by 
Sommaire: On rapporte des améliorations dans l’électro-déposition du chrome, qui réduisent les contenus | 7 Rat “Meu 
d’oxygéne et d’azote du chrome électrolytique au dessous de valeurs détectables par analyse chimiques; parmi 83, Dee. 1954 
ces méthodes, l’application de la réduction par l’hydrogéne a été developpée par l|’auteur. 121-125 


A Study of the Room-Temperature Ductility of Chromium 


Australia. Results of previous investigations on the subject of brittleness of chromium do not present a clear 
picture of the problem and the investigation reported here was conducted to produce further evidence in this 
connection. The chromium used for the experiments was electrolytically produced and had no metallic im- 
purities detectable spectrographically. Its oxygen, nitrogen and carbon content was 0.06 wt. %, 0.005 wt. % 
and less than 0.005 wt. % respectively. In the first series of experiments small ductile specimens were heated 
in an alumina boat resting in an open-ended electric tube furnace in still air. The temperature varied from 
560° to 710°C and the length of treatment from 2 hr. to 6 hr. This treatment was found to cause embrittlement. 
The depth of embrittlement increased with temperature. In the second series of experiments an attem;t was 
made to determine whether oxygen or nitrogen caused this effect. The chromium specimen was placed in a 
silica tube which had been outgassed previously and the system was evacuated down to 10° mm. Hg. Gas was 
then introduced into the system and the system was flushed and evacuated several times. When the discharge, 
maintained in a tube attached to the system, indicated that all traces of other than the gas in question had been 
removed, the system was evacuated to 10> mm. Hg, heated at 550°C for 30 min. for degassing purposes, and 
finally cooled. Then the system was filled with the final charge of gas, and the specimen tube was isolated and 
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heated at 700°C for various periods. The results are given in a table partly reproduced below. In the same 


Effect on Ductility of Heating in Nitrogen or Oxygen. 


Reduction of 
Thickness by 
Etching, inch. 


Treatment Bend Ductility at Room Temperature 


Unetched 

0.0005 

45 min. at 700°C. in 0.001 
Nitrogen 0.002 

0.003 ” 

0.004 Ductile 


Brittle 
(surface film removed) 


45 min. at 700°C. in 
Oxygen 


Unetched Ductile 
0.0005 
0.002 ” 


(surface film removed) 


series of experiments it was found that heating the chromium for the same period, at the same temperature, 
in a vacuum of 10°2-10°? mm. Hg would cause embrittlement as long as the residual gas was either air or 
nitrogen. On the other hand, outgassing at a very high vacuum (approximately 10° mm. Hg for 30 min. at 
550°C), would leave the specimen ductile. This suggests that, in the former case, nitrogen is absorbed by the 
specimen surface rather than removed from it while the heating is increased to 700°C. The experiments reported 
so far established that nitrogen, present in amounts*as low as 0.02%, is the primary cause for brittleness in 
chromium at room temperature. Since microscopic examination could not reveal any nitride particles in the 
outer layers of the chromium after treatment, it must be assumed that the nitrogen was present in the form 
of a solid solution. In a further series of experiments, the effect of surface treatment on the ductility of the 
chromium was investigated. The results of these experiments are given in a table reproduced below. 


Effect of Surface Treatment on Tensile Properties. 


Surface Condition 


Surface 
Hardness, 
D.P.N. 
(5-kg. load) 


0.2% Proof 
Stress 
1b./sq.inch 


Maz. Stress, 
lb./sq.inch 


Elongation, 
% on 0.5 inch 


Ground and filed 


89,000 


0 


Acid etched 


45,500 


78,500 


ll 


Electropolished 


55,000 


74,500 


15 


Finally, the effect of recrystallising chromium has been investigated. It was found that cold worked chromium 
becomes less ductile as recrystallisation proceeds, whereas completely recrystallised chromium could be made 
ductile at room temperature by a special technique but on the whole was more sensitive to the effects of nitrogen, 
for instance, than the cold worked metal. In preliminary experiments on the behaviour of fully crystallised 
specimens, it was discovered that recrystallised chromium, normally brittle at room temperature, would 
become ductile at 100°C or even lower. Also, slightly deforming the material at that temperature would 
produce an appreciable measure of ductility at room temperature. Discussing the results of the experiments, the 
authors propose a hypothesis, based on Cottrell locking effects, to explain the observations recorded in this report. 


Sommaire: Un étude poussée sur les causes de la fragilité du chrome a température ambiante, établissant que 
l’azote est l’agent responsable. 


Ductile Tantalum by Kroll Process 


United States. The present batch electrolytic process for the production of tantalum metal requires a follow-up 
involving vacuum processing and powder metallurgical methods in order to obtain a dense product. The 
capacity of the method is low and its costs are high because high grade ore only can be used and this has to be 
imported. There is the additional difficulty that separation of the niobium, conventionally carried out by the 
Marignac method, is not satisfactory. An alternative method of producing ductile tantalum metal is described, 
which is based on the Kroll process employed in the production of titanium, zirconium and hafnium, and which 
facilitates the use of the relatively abundant domestic low grade ores. It consists essentially of reducing tantalum 
pentachloride, obtained by direct chlorination of tantalum scrap or tantalum carbide with magnesium, and 
subsequent vacuum distillation in order to eliminate the impurities. Details of the method are given for use ona 
laboratory scale. The tantalum chloride in a silica boat was inserted in a horizontal 2-inch diam. borosilicate 
glass tube through which helium was passed. The chloride was sublimed and passed over a graphite boat filled 
with magnesium (10% in excess of reduction requirements) which was situated in the same tube, in a zone 
heated to 750°C. Any unsublimed tantalum chloride was reduced by the reversing of the helium flow. On 
completion of the reaction the sponge metal which had collected in the graphite boat was passed into a vacuum 
furnace and heated for 4 hr. at 1 uy Hg and 900°C, in the course of which treatment magnesium chloride and 
excess magnesium was distilled off. The end product of the process was broken up, briquetted and melted 
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directly in an arc furnace in a helium-argon atmosphere. After removing the hard outer layer from the resulting 
button, the material could be reduced by 93% by cold rolling, to ductile sheets of 0.016-inch thickness. A typical 
run employing 138.7 g. chloride and 33.54 g. magnesium produced 61 g. tantalum, representing a yield of 77.5%. 
The final carbon content of the material was 0.016%. 


Sommaire: Description de la méthode de Kroll pour l’obtention de tantale ductile. 


Production of Hafnium 

United States. Tonnage quantities of hafnium metal have been prepared in Kroll-process equipment designed for 
producing zirconium. Some slight process modifications have been necessary, but overall operation is the same as 
for zirconium. Hafnium oxide is chlorinated in the presence of carbon and the resultant HfCl, reduced by 
magnesium metal. By-product MgCl, is removed in a high-vacuum distillation step and the hafnium sponge 
metal crushed for further use. Arc-melted metal can be forged and rolled to sheet, but the best material produced 
to date would not be considered cold ductile. 


(Nuclear Science Abstracts) 


Sommaire: Details d’une méthode de préparation d’hafnium en tonnage important a partir de machines 
originellement prévue pour la production de zirconium par le procédé de Kroll. 


The Arc Melting of Metals and Its Application to the Casting of Molybdenum 
See Abstract No.: 98/III 


Brazing Molybdenum for High-Temperature Service 
See Abstract No.: 83/I 


A Metallurgical Study of Molybdenum. Quarterly Status Report 

United States. Further work has been done to determine the validity of the bend test as a means of measuring 
the ductility of molybdenum. Fractographic examinations were made of ingots prepared by vacuum fusion. 
The studies on the effects of impurities and neutralisers on the ductility of cast molybdenum were continued. 
Work on the ‘solid state purification’ process indicates that the heat treatment has an important effect on the 
final ductility of the sample. 


(Nuclear Science Abstracts) 


Sommaire: Un rapport des recherches faites sur la ductibilité du molybdéne coulé. 


Vacuum-Brazed Clad Metal Now Commercial Reality 
See Abstract No.: 82/I 


Formation of Compact Pieces of Grey Tin 


Holland. The formation of compact pieces of grey tin has been reported previously. A spectro-photometrical 
analysis of the material showed that mercury was present, a material not present in natural tin. This led to a 
study of tin-mercury alloys (0.03—6 atomic % mercury) which the author prepared by melting under vacuum. 
According to the literature the addition of more than 2 atomic °4 mercury to the tin causes the formation of a 
two-phase (tetragonal and hexagonal) system, the tetragonal phase disappearing at 8 atomic °%% mercury. In 
the present case x-ray photographs revealed that the hexagonal phase was already present in alloys with 0.2 
atomic % mercury. It was further found that, above 0.2 atomic % mercury, compact grey tin was formed, 
at which stage the tetragonal tin phase was transformed into the cubic grey modification. All amalgams showed 
at —20°C an increased transition rate. This applied also to other forms of tin as long as a few tenths 9% of mercury 
were present’ 


Sommaire: Bref rapport des propriétés des alliages mercure-étain préparés par fonte sous vide. 


Emission Characteristics of Vacuum Spark Discharges III. Aluminium and Carbon Spectra in the Visible Region 
See Abstract No.: 64/I 


Surface Treatment of Metals in Vacuum Technology 
Czechoslovakia. A very comprehensive review covering washing; pickling; forming the surface; sand-blasting; 
polishing; plating; sublimation of metal coating on to metal base; diffusion of one metal into the surface of a 
second; oxidation; carburising; coating with carbon black; deposition of surface coating through thermal 
dissociation of halogen compounds; powdered metal coating; marking of metal parts. An international biblio- 
graphy of 68 items is included. 


(Science Abstracts) 


Sommaire: Une revue détaillée des méthodes de traitement de surface de métaux, disponsibles dans la technique 
du vide. 
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Improvements i.o.r.t. the Coating of Threads with Metals 

United States. Various methods are known for the manufacture of heat reflecting fabrics for the production of 
fire-fighting and similar protective clothing. In all these methods, reflection of incident radiant heat is obtained 
by applying an aluminium film to the finished cloth either by spraying techniques or by vacuum evaporation. 
Films applied by evaporation are subject to appreciable wear and can easily be brushed off the cloth. To over- 
come this, a protective lacquer film is applied, but this has the disadvantage that it decreases the permeability 
of the coated cloth for air. In the present invention it is proposed to apply the aluminium coating to the in- 
dividual threads prior to the manufacture of the cloth. The threads to be coated are placed in a vacuum 
chamber in the form of a textile warp and are passed by means of a pair of motor-driven rollers through the 
chamber on to a take-up roll. On their passage they move through the area covered by an induction-heated 
evaporation source, kept at a temperature of 1,300°C if aluminium is used as the coating material. Operational 
pressure is 1 p Hg. One of the two driving rollers performs an oscillating movement as a result of which the 
individual threads passing between the two rollers are rotating through more than 360° in order to obtain a 
uniform coating on all parts of the work. The thickness of the deposit is about 0.05 u. The reflection obtained 
from the finished garment is about 80% in the infra-red region. If it is desired to apply, in addition, a protective 
film, this process can be carried out in the same chamber by a vacuum process or alternatively by a more 
conventional method, details of which are given. The protective film may consist of materials such as plastics, 
resins, lacquers, waxes, etc. which reduce the reflectivity in the infra-red region to about 70%. Natural 
threads such as wool, cotton, silk or asbestos, or artificial threads such as rayon and nylon are suitable for this 
process. In the case of fire-fighting clothing, the use is suggested of glass thread coated with aluminium and 
covered with a protective film of relatively incombustible material such as a silicone resin. Zinc is mentioned 
as an alternative suitable coating material. 

Sommaire: Description d’une méthode pour déposer de l’aluminium par évaporation sous vide sur de la fibre, 
qui servira ensuite a la fabrication de vétements de protection contre la chaleur. 


Aluminised Clothing to Give Heat the Bounce! 

United States. The material of the protective clothing worn by operators exposed to extreme heat is normally 
asbestos, often fitted with a wool backing. If sufficiently thick, asbestos is fire- and splash-proof, but it is a 
heat conductor and therefore an additional insulating backing is needed to protect against the heat. Asa result 
such clothing is heavy and uncomfortable to wear. In order to reduce the weight, attempts have been made to 
produce heat-reflecting protective clothing in the following way: The material employed was aluminium, 
known to reflect 90°, of radiated heat. Conventional methods of spraying the aluminium on the fabric or 
bonding it with the fabric were unsuccessful. However the deposition of a thin layer on the garment by an 
aluminising process gave satisfactory results. The clothing lasts 6 weeks, against 3 to 4 weeks in the case of 
other types, and the temperature behind aluminised asbestos is some 200°F lower than behind non-aluminised 
cloth at the end of a given period when exposed to the same heat. The new material is heat-proof but not 
necessarily splash-proof. Final performance figures are still outstanding but preliminary results are shown in 
a table partly reproduced below. 


Aluminised Fabric versus Plain Fabric 


Seconds Exposure and Observation 


2,600°F 


Fabric 
1,500°F | 1,800°F | 2,000°F | 2,200°F | 2,400°F 2,800°F | 3,000°F 


2 # Herringbone 300 ¢ 60 e 456 


600 a 600 a 600 a 600 b 600 ¢ 


Asbestos 


300 b 60¢ 30¢ 20c¢ l5e 5e 4f 


600 b 
Plain 90e 70e 22e 12f 8f 4f — 


Plain 


600 a 600 b 90¢ 55e 30 e 25e 


(flameproofed) 


10-0z .Cotton Duck 


Fabric placed 4 inches from heat source. 
Observation Code: a—No visible change; b—Scorch, discoloration; c—Slight char, weakened; d—Char, blackened, no strength; 
e—Char, glow and hole opened; f—Open flame. 


Sommaire: On donne quelques performances préliminaires sur l’amiante aluminisée et autres matériaux 
semblables de protection. 


Improvements i.o.r.t. Optical Devices Incorporating Eye-Protective Filters 

Liechtenstein. An improved form of safety goggles, or spectacles, is described where the lenses carry a multilayer 
interference filter in order to protect the eye from excessive or harmful radiation, such as may occur, for instance, 
in welding or in an operating theatre fitted with a high intensity light source. It is the object of the improved 
design to reflect virtually the whole of the infra-red and ultra-violet radiation, and to allow transmission of 
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radiation throughout the visible spectrum without selective absorption or reflection which would result in 
the transmission of coloured light. Reference is made to a publication by Banning (J. Opt. Soc. Amer., 37, 
1947, 792) describing the performance of such multilayer units on glass. In the case of 5 zinc sulphide and 4 
cryolite layers, for instance, each 4/4 thick, 90% of the incident radiation of a wavelength varying from 4,800 
to 6,000 A was reflected. By increasing the thickness of the layers to 4/2 the position could be reversed and 
90% transmission could be obtained in the same wavelength range. However, over the whole visible spectrum 
ranging from 4,000 to 7,000 A, the light transmitted would be coloured as the transmission in the region of 
4,000-4,800A and 6,000—7,000 A is reduced to about 35% and 5% respectively. According to the improved 
method a balanced transmission over the whole range of the visual spectrum and sharp cut-offs in the infra-red 
and ultra-violet range can be obtained by depositing on the lenses alternate layers of transparent non-metallic 
media of high and low refractive index of an approximate ratio of 2:1, the thickness of each layer being equal to 
2/2n where 2 is the wavelength corresponding to maximum eye sensitivity (5,500 A) and » is the refractive 
index of the media employed. Multiple-layer units prepared according to these data reflect substantially all 
radiation in the infra-red and ultra-violet regions because for these regions the relations 4/4” and 3/4n respec- 
tively, hold. A six-layer unit consisting of alternate films of titanium dioxide (refractive index 2.66) and mag- 
nesium fluoride (refractive index 1.38) prepared in this manner gave 80°, balanced transmission across the whole 
of the visible spectrum and showed sharp cut-offs at 4,000 and 7,000A respectively. The layers can be produced 
by cathodic sputtering, vacuum evaporation or pyrolitic coating processes. A brief account of the theory of 
multilayer interference effects is given. 

Sommaire: Description de filtres multi-couches d’interférence, pour emploi dans la protection des yeux, préparés 
par le développement de principes, initialement émis par Banning, et donnant un transmission équilibrée 
du spectre visible complet. 
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Very High Vacua 
See Abstract No.: 7/I 


Improved Method of Evacuating Vessels 


Germany. A method is described of evacuating vessels to pressures of the order of a high vacuum without the 
use of either mechanical backing pumps or diffusion pumps. According to the invention the vessel to be pumped 
is filled with a gas such as hydrogen, and as a first step the hydrogen pressure in the vessel is reduced to about 
12 mm. Hg by means of a water-jet pump. The water-jet pump is then shut off, and a small charge of titanium 
powder, incorporated in the pumping system, is heated to 350°—550°C to absorb the remainder of the hydro- 
gen present in the vessel. A charge of 2 g. of titanium powder will lower the hydrogen pressure to 10-3. Hg 
in a vessel of about 2 1. volume in less than 30 seconds. If a still higher vacuum is required, the vessel is 
connected to another container incorporated in the pumping system, the walls of which carry a getter deposit 
such as a barium film, evaporated previously, and as a result the pressure in the vessel to be pumped can be 
reduced to extremely low values. Pumping by absorption may have to be repeated several times to arrive at 
the low pressure of 10°? mm. Hg. In order to facilitate this, arrangements are made for the re-evolution of the 
gas, held in the titanium powder after each cycle, by heating up the titanium powder to a temperature of 
800°—900°C and removing the gas liberated with the help of the water-jet pump. A diagram of a pumping unit 
facilitating the sequence of operation just mentioned, and including appropriate valving conditions, is given. 


Sommaire: Description d’une nouvelle technique de pompage basée essentiellement sur le pouvoir d’absorption 
de la poudre de titane. 


Co-Operative Research Into the Evapor-Ion Pump 


Japan. Details are given of the results so far obtained in collective research carried out at Tokyo University 
on evapor-ion pumps. The demand for such a pump has recently risen appreciably particularly in the valve 
industry, in the field of metallurgy and in connection with accelerator operations. The conventional pumping 
means such as the oil diffusion pump have certain inherent disadvantages such as backstreaming which require 
additional apparatus for their elimination. Another new pumping principle, 7.e. the ion pump designed by Law- 
rence, provides for the ions to be neutralised at the cathode and removed by an auxiliary pump. In this case, 
special precautions have to be taken to prevent the back diffusion of the ions into the high vacuum space. 
Compared with the evapor-ion pump the power consumption and cost of the former are high, although the 
Lawrence pump may prove more economical in the future when applied to large vacuum systems. Details are 
given of an experimental evapor-ion pump. The pump is of all-metal construction, the main chamber being 
of stainless steel. The gaskets used are of high purity aluminium or copper so as to minimise leakage. Titanium is 
the actual absorbent and is fed on to a }-inch graphite rod in the form of a wire by means of an intermittently 
operating mechanism which is controlled from outside by magnetic means. The electrons emitted from a fila- 
ment source surrounding the graphite rod bombard the latter and raise its temperature to about 2,000°C. 
As a result the titanium evaporates and condenses on the walls of the pump chamber. Ionisation of the residual 
gas is produced by electrons emitted from two concentrically arranged grids operated at 1,000 V d.c. Initial 
evacuation down to 10™* mm. Hg is carried out by a 4-inch diffusion pump while the evapor-ion pump chamber 
is heated to about 300°C with the help of an external furnace. At this stage the diffusion pump is shut off, 
the furnace is removed and the evapor-ion pump put into operation. The walls of the pump chamber of the 
latter are water-cooled to keep them at a temperature of 20°C. The ionised molecules of the residual gas, when 
hitting the pump chamber walls, are absorbed by the titanium deposit. Bayard-Alpert gauges have been used 
for pressure measurements. Their range extends down to 10°° mm. Hg. It is expected that the pump can be 
perfected to give speeds up to 10,000 1./sec. and an ultimate pressure of lower than 10°§ mm. Hg. 


Sommaire: Des détails sont donnés sur une pompe ‘evapor-ion’ employant le titane comme getter. Cette pompe 
a été construite dans un but experimental a l’université de Tokio. 


Evapor-Ion Pump Developments 

United States. Improvements made to an evapor-ion pump, described in Phys. Rev. 93, 1954, 926, are briefly 
described. On starting up the pump after pumping down to fore vacuum level, a primer is used, in the form of 
a tungsten wire evaporating a small amount of titanium, in order to reach the region below the threshold of 
glow discharges. The pump in its present form removes argon at arate of 1601./sec. at a pressure of 7.2 x 10° 
mm. Hg, requiring a power input of about 3 kW. Chemically active gases are removed at a rate of 10* 1./sec. 
Difficulties, experienced as a result of erosion of the post from which the titanium is evaporated are being 
investigated. 


Sommaire: Bref rapport sur le developpement aux U.S.A. d’une pompe ‘evapor-ion’; sa description compléte 
fat donnée en 1954. 


Ionic Pumping Mechanism of Helium in an Ionisation Gauge 


United States. The author refers to previous investigations into the mechanism involved in the ionic pumping 
or clean-up of helium in a Bayard-Alpert ionisation gauge when employed for the production of ultra-high 
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vacua. At such low pressures helium permeating through the glass envelope is the major constituent of the 
gases pumped. The general belief, that the gases are driven into the glass walls and stay there, is unlikely to 
be correct for the case of helium. The ion energies available in that type of gauge are only 150 eV. Therefore 
the helium ions will only penetrate the top few atomic layers of the wall and calculations of diffusion rate 
indicate that helium atoms will return to the surface in a matter of micro-seconds so the amount trapped can 
be considered negligible. In view of these conditions the theory is advanced that the helium is cleared up on a 
thin film of metal which is deposited on the inner surface of the envelope during degassing of the gauge. Detailed 
results are given of practical experiments carried out to confirm this theory. The rates of reduction of helium 
pressure in a Bayard-Alpert gauge were compared when the gauge was subjected to various degrees of degassing. 
A clear relationship could be established between the rate at which the pressure in the gauge fell and the growth 
of the aforementioned metal deposit obtained during degassing. This deposit, depending on the time and tem- 
perature at which degassing was carried out, has a thickness of up to 50 A. Removal of this deposit by wash- 
ing with acid caused a pronounced reduction in the rate of pumping. Subsidiary experiments showed that 
in the absence of the metal deposit the greater part of the gas pumped by the gauge is adsorbed by the filament 
supports of the gauge. 

Sommaire: On a étudié le mécanisme du pompage de l’hélium a l’intérieur d’une jauge de Bayard-Alpert 
employée pour la production de vide trés poussé. 


Investigations into Glass Mercury Diffusion Pumps I. 

Germany. The pumping speed and throughput of a mercury diffusion pump with a pumping chamber of about 
20 mm. diameter, specially designed to facilitate the exchange of the vapour tube and nozzle assembly, has 
been investigated. The studies were carried out at ultimate pressures in the range of 5 x 105-5 x 10°? mm. Hg, 
a region where the backing pressure has little influence on the pump performance. In particular, the effect of 
changes in nozzle dimensions (4 holes in the vapour tube underneath the jet cap), variations of diameter of the 
vapour tube and alterations of the temperature of the cooling water have been examined. The nozzle diameters 
were varied from approximately 1.1 to 2.9 mm. The heat supplied to the boiler was changed within the limits 


‘given by the use of a Bunsen burner and the effect was measured in terms of the quantity of mercury condensed 


in the pump chamber. The maximum vapour tube cross-sectional area was 60 sq. mm. and the temperature 
of the cooling water was varied between 20 and 40°C. The results of the experiments, details of which are 
given in a series of graphs, permit the following conclusions: Speed and throughput of the pump increase as the 
temperature of the cooling water is decreased. The amount of mercury vapour entering the mixing chamber of 
the pump per unit time depends on the heat supplied to the boiler and on the flow resistance in the vapour 
tube and nozzle. In order to obtain maximum speed and throughput under the given conditions a minimum 
amount of mercury vapour has to pass per unit of time into the mixing chamber. If the diameter of the vapour 
tube and the sectional area determined by the jet cap dimensions, through which the vapour issues into the 
mixing chamber, are fixed, the vapour throughput must be higher the smaller the diameter of the nozzles. 
On the other hand if the diameter of the nozzles and the area of the slot formed by the jet cap are fixed, the 
diameter of the vapour tube may be reduced in proportion to the increase of heat supplied to the boiler. 


Sommaire: On a étudié les variations de performance d’une pompe a diffusion de mercure en verre, ayant une 
chambre de 20 mm. de diamétre et opérant a des pressions de 10 et 10°? mm. Hg. 


Investigations into Glass Mercury Diffusion Pumps II. 

Germany. The investigation reported in Abstract No. 6/II is continued. The dimensions and the design of 
the experimental pump are substantially the same. The first part of the article deals with single-stage pumps 
and the second with three-stage pumps. The object of the investigation is essentially to study the influence 
of the shape of the jet cap on the performance of the pump. A jet cap of cylindrical shape has been found to have 
an optimum length of about 15 mm. in the particular case. A jet cap of shorter length produces an unsuitable 
geometry of the vapour beam. Another factor of importance is the cross-sectional area of the annular gap 
between the edge of the jet cap and the wall of the pump casing. In the particular case, at a certain heat input 
and a vapour tube diameter of 6 mm., speed and throughput was at a maximum if the aforementioned gap had 
an area of about 200 sq. mm. A further widening of this gap leads in the particular case to excessive narrowing 
down of the opening between jet cap and vapour tube resulting in excessive throttling of the mercury vapour 
issuing through this area. By changing the shape of the jet cap and giving it a conical form, all other factors 
remaining the same, higher speeds could be obtained, especially at low inlet pressures of the pump. A cone of 
20° proved the most successful. But even so, no more than 25% of the theoretical maximum speed of 11.6 x 10-8 
cm./sec. could be obtained by providing conical jet caps. The investigation was extended to three-stage 
pumps with the aim of raising the backing pressure required. No combination of nozzle and jet cap design 
could be found which permitted a higher backing pressure than 7 mm. Hg, as long as the pump body was cylin- 
drical throughout. However, if a constriction was provided in the pump body below the high vacuum nozzle, the 
backing pressure could be raised to a maximum of 15 mm. Hg at the expense of a reduction in pumping speed. 


Sommaire Une continuation des recherches rapportées dans le resumé 6/II, concentrée spécialement sur les 
variations de performance causées par le changement de la forme et les dimensions du sommet de 1’éjecteur. 


Investigations into Glass Mercury Diffusion Pumps III. 
Germany. The present report forms the third and final part of the investigation reported in Abstract Nos. 
6/II and 7/II. The speed and throughput of single- and multi-stage glass mercury diffusion pumps with a pump 
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body of 30 mm. diameter have been studied, pumping air at 20°C. As before, the shape and dimensions of certain 
pump components have been altered in the course of the experiments. In a single-stage pump, plotting the 
speed of the pump as the function of the inlet pressure, three basically different speed characteristics can be 
obtained simply by changing the heat input to the boiler: (a) The typical characteristics of a conventional 
diffusion pump showing a plateau for the maximum speed in the region of 10°? mm. Hg inlet pressure, (b) 
a curve showing two maxima at 10°§ mm. Hg and 107! mm. Hg inlet pressure which is typical of a combined jet 
and diffusion pump, and finally (c) speed characteristics with a maximum at 107! mm. Hg inlet pressure typical 
of a pump operating essentially as a jet pump. Further details are given of the effects produced by changing 
the dimensions of the nozzles, the size and the shape of the jet caps and the relationship between backing 
pressure and suction capacity. The general results of the investigation are summarised as follows. In order to 
obtain high pumping speed it is necessary (a) to provide for a suitable amount of mercury vapour to be passed 
into the pumping chamber per unit of time, 7.e. the heat input into the boiler must be increased as the inlet 
pressures rise. Alternatively, if the heater load is fixed, dimensions for the vapour tube and nozzles have to be 
chosen which allow for a suitable amount of mercury vapour to be passed into the pumping chamber. This 
amount is governed by the quantity of gas to be pumped. At comparatively high inlet pressure it is possible 
to reduce the gap between jet cap and pump and/or the dimension of the nozzle accordingly. (b) the geometry 
of the beam passing into the pump chamber must be such that any effect of the outer layers of the beam, adverse 
to the pumping action, is minimised, and finally (c) the vapour molecules must have a high linear speed. The 
latter two conditions are very largely determined by the heater load and the general design of the pump. But 
at high heater load the thermal motion of the molecules is very much increased and this makes it advisable 
to employ a nozzle system simulating the conditions in a de Laval nozzle. Practical measures, beneficial in 
this respect, are suggested. Further points from the conclusions are: The speed of the pump increases propor- 
tionally to an increase in the area of the annular gap between jet cap and pump wall up to an optimum value 
of the latter. Conical jet caps improve the speed to a value equivalent to 20% of the theoretical maximum. 
Within certain limits of the inlet pressures, heater loads and design data, the speed is independent of the 
backing pressure. 

Sommaire: Les recherches rapportées dans les résumés 6/II et 7/II ont été étendues aux pompes 4 diffusion en 
verre ayant une chambre de 30 mm. de diamétre et étant soit a simple étage soit a étages multiples. 


Demountable Glass Mercury Diffusion Pump 


Germany. Two conventional glass mercury diffusion pumps are shown in a sketch. The older of the two 
types, reminiscent of a trumpet in outline, has a vertically arranged vapour tube which is turned back at the 
top. The nozzles are in an inverted position and the vapour after having passed through the nozzles condenses 
and continues its way downwards and reaches the boiler through a separate return tube. The second conven- 
tional type of glass diffusion pump represents an improvement over the first type and was suggested by Voll- 
mers, but this pump too has the disadvantage that there is an excessive thermal stress at various points in the 
glass structure. The author describes a new design of glass diffusion pump which eliminates this drawback. 
There is the additional advantage that the nozzle and vapour tube assembly is demountable. The return tube 
and the vapour tube are positioned vertically, the latter within the former. The vapour tube is supported by a 
small constriction at the upper end of the boiler. In order to ensure that there is no interference, by the rising 
hot vapours, with the returning condensed mercury the vapour tube is double-walled and the jacketting space 
is evacuated as in a Dewar vessel. Further design details facilitating easy assembly of the pump are given. 
Apart from the advantages already mentioned the pump has a higher speed than the previous types, particularly 
in the region of 10°! mm. Hg. 


Sommaire: Des détails sont donnés sur une pompe 4a diffusion de mercure en verre, developpée dans le but 
d’assurer un fonctionnement plus sir et une plus grande vitesse de pompage que les pompe a diffusion en verre 
du type conventionnel. 


A Metal Mercury Diffusion Pump and Cold Trap for the Line Recorder 


United States. Glass diffusion pumps and cold traps proved unsatisfactory for use in a mass spectrometer 
(line recorder) tube rack because of their high breakage rate, and so it was decided to develop a metal mercury 
diffusion pump and cold trap. The pump finally built was a two-stage stainless-steel model of largely con- 
ventional design, with a 2#-inch, diameter boiler, having a speed of about 100 1./sec. and a maximum fore- 
pressure of 250 u Hg at 250 W input. Diagrams and photographs of the pump body and jet assembly are shown. 
Details are given of experiments made to determine optimum dimensions, heater input and cooling flow, etc., 
including analyses with the mass spectrometer of the residuals above the pump and trap under various con- 
ditions. The cold trap was designed to have a capacity of 2 1. of liquid nitrogen. The speed above it was 30 
1./sec. and the ultimate vacuum attainable 6 x 10-§ mm. Hg. An alternative version was also constructed employ- 
ing a mechanically refrigerated baffle system; in this case the speed was 13 1./sec. and the ultimate vacuum 
5x 107? mm. Hg at —52°C. Soft aluminium gaskets were employed in the demountable joints above the traps. 
An appendix to the report describes recommended cleaning procedures for various metal and glass surfaces. 

Sommaire: Les détails sont donnés sur une pompe a diffusion 4 mercure, en acier inoxydable avec trappe 
refroidie, spécialement developpée pour étre employée avec un spectrométre de masse. 


The Final Vacua of Oil Diffusion Pumps 
United Kingdom. Investigations have been made to ascertain the lowest pressures attainable in oil diffusion 
pumps, and to obtain information on the residual atmosphere above a pump using a given fluid. Experiments 
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were made with both 16-inch. and 2-inch. pumps, which distinguished between the effects of fractionation, 
using separate boiler compartments to feed the jets independently, and of purification, using a side jet directed 
into the backing outlet of the pump. The results show that purification alone, even though it may produce a 
permanent improvement in the oil, is rather less efficient than one good stage of fractionation. It is concluded 
that oil decomposition sets a limit to the best pressure attainable (about 1—5 x 10-7 mm. Hg) which is unlikely 
to be much improved without refrigeration. An attempt was made to measure the vapour pressure of Apiezon 
C oil directly, by means of gauges sealed to a highly evacuated vessel containing the oil sample, and it was 
found that at no temperature up to 25°C was the pressure greater than the lowest measurable, about 10-§ 
mm. Hg. Results are presented of vapour pressure-temperature curves for various oils in a 16-inch. fractionat- 
ing pump using Knudsen and ionisation gauges, and these are compared with other published data. Non- 
linearity of the curves at lower temperatures is attributed to the presence of non-condensible gases arising from 
oil decomposition at pump boiler temperatures, which suggest that the sensitivity of an ionisation gauge for 
the atmosphere above a pump cannot be deduced from the molecular weight of the original oil. Confirmation 
is given by measurements made of the beam intensity of the Birmingham synchrotron under various conditions, 
which indicate that the decomposition products above a pump containing Apiezon C oil have a molecular 
weight considerably lower than that of the pure oil. 


Sommaire: Description et détails de recherches faites sur les propriétés de différentes pompes de haute qualité 
a diffusion a huile, etudiée en rapport avec le rendement de pompes de 2 et 16 inches. 


High Vacuum Pump 


Canada. The authors are engaged in electronics research and developed their own pumps to satisfy their 
vacuum requirements. The article gives a description of the various vapour pumps designed and constructed. 
The earliest design is operated horizontally and has two separate boilers, one at each end of the horizontal 
tube. The oil evaporated from the boiler on the right, passes through a nozzle and is condensed on the wall 
of the tube, and the highly voltatile components are removed by the fore-vacuum pump. The condensate returns 
to the bottom of the boiler on the right, and from there is conveyed by gravity to the boiler on the left, from 
which the purified oil is evaporated and employed for the pumping action proper. Various disadvantages of 
this design have led to an improved construction of a two-stage pump operating in a vertical position with 
two separate boilers. In order to cope with higher throughputs, further development was directed to substitute 
metal for glass as a construction material facilitating larger dimensions than in the case of the two previous 
types. Another two-stage pump, each stage built as a separate pump but having communicating boilers, was 
then developed, specially designed to facilitate rapid cooling of the pump, if and when required. This effect was 
obtained by a swivelling device with the help of which the base plates of the pump incorporating the heater 
elements could be rapidly exchanged for a base plate which was water-cooled. The latest design of an oil 
diffusion pump consists essentially of a pump housing of uniform diameter resting on a base plate incorporating 
the heater element, but the vapours rising through the vapour tube to the upper nozzle, condensing on the 
wall as usual, are collected in a gutter positioned closely to, but separated from, the boiler along the wall, and 
that area of the pump wall is heated by an additional heater element. Asa result, the high volatile components 
of the oil are evaporated and withdrawn by the fore-pump, before the remainder of the oil is permitted to reach 
the boiler area proper. The article concludes with a short description of the general experimental facilities 
in the laboratory of the author. Photographs and sketches of the pumps described are shown. 


Sommaire: Description de différents types de pompes a diffusion specialement développées pour satisfaire les 
demandes de laboratoires opérant dans le domaine de |’electronique. 


Oil Diffusion Pump 

Germany. In the conventional oil diffusion pump the pump fluid which condenses on the water-cooled walls re- 
turns to the boiler by travelling down the wall. This arrangement has the disadvantage that re-heating of the 
returned oil and evaporation of the oil takes place in the same area, and this involves the risk that the rising 
vapours loose heat to the returning oil which, on entry to that area, has a temperature equivalent to that of the 
cooling water. This problem has been recognised in the past and various arrangements are known whereby the 
heating up of the oil returning to the boiler is effected in an area remote from that of the rising vapours: but none 
of these arrangements permit preheating to accurate temperature levels. Details are given of an arrangement 
which overcomes these difficulties. Essentially the new arrangement consists of two separate heat supplies: 
one for the boiler pump, and the other for the purpose of preheating the returning oil prior to entry into the 
boiler. Various designs of oil diffusion pumps embodying this principle are shown. In one case the pump 
housing has a boiler area of a diameter larger than that of the upper part of the pump, and while heating is 
effected through the base plate only, the central part of the base plate, defined by the dimensions of the largest 
of the three vapour tubes, is heated by a separate winding from that heating the surrounding annular space, 
the latter serving to preheat the oil before it enters into the boiler area proper. In an alternative design, the 
diameter of the pump housing is uniform throughout, as is the case in the majority of conventional diffusion 
pumps, but the lower part of the pump housing is surrounded by the heater winding which serves for the 
preheating of the oil reaching the bottom of the housing, this preheating zone again being defined by the dimen- 
sions of the largest of the three vapour tubes. In a third design, the returning oil is collected in a gutter and fed 
into a separate container before it reaches the boiler proper, this container being heated by a special element. 


Sommaire: Afin d’éviter une réaction entre les vapeurs montantes et l’huile retombant dans les pompes a 
diffusion, des éléments de chauffage séparés sont proposés, afin de protéger les vapeurs d’huile et préchauffer 
l’huile retombant dans la chaudiére. 
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Vacuum Pumping Apparatus 


United States. When the size of a normal cylindrical diffusion pump is increased in order to obtain higher 
pumping speeds the diameter of the vapour chimney feeding the high speed jet must also be increased. Asa result 
the nozzle cap begins to occupy a disproportionately large area of the pump mouth. To overcome this difficulty 
a construction is proposed in which the cooled outer casing of the pump is rectangular in a vertical cross- 
section, two of the sides being quite short and the other two as long as required vertically to give the desired 
area. Each stage is in the form of a tube passing through the casing and running parallel to the longer sides. 
A longitudinal slit in one side of the tube is provided with flared lips to form a divergent nozzle through which 
the vapour jet emerges, and provision is made for the width of the slit and the angle between the lips to be 
adjustable. As in normal practice several stages may be used in series; in this case the longer sides of the casing 
may converge inwards opposite the fore-jets to provide the smaller pumping apertures associated with these 
jets. Each vapour tube is provided with a valve, outside the casing, so that the vapour feed to each jet from a 
common boiler may be controlled independently, or cut off altogether for rough pumping. Any number of such 
pumps may be used in parallel, all fed from the common boiler. 


Sommaire: On propose des améliorations a apporter dans la construction des pompes 4a diffusion, ce qui facilite 
une vitesse de pompage plus grande. 


Improvements i.o.r.t. Vapour Jet Pumps 


Germany. The jets of vapour diffusion pumps are normally allowed to expand freely after leaving the nozzles, 
and the resultant small ratio of the surface area of the jet to its volume may adversely affect its pumping 
capacity. In the present arrangement curved guide surfaces are introduced into the pump, which force the jet, 
after leaving the nozzle, to travel initially along a confined path where the vapour stream lines are largely 
parallel and the ratio of surface to volume is high. The outer condensing wall of the pump may be similarly 
shaped to conform to the outer boundary of the jet, so that the vapour stream lines do not meet the wall at too 
large an angle. A discontinuity in the curvature of the guide surface, sharp enough to cause a shock wave in the 
vapour stream, is also claimed to be advantageous to the process. Various configurations of guide surface are 
shown for different types of nozzle. 

Sommaire: On discute la construction d’éléments qui peuvent étre employés afin d’obtenir une géométrie 
desirable du rayon. 


Booster Pump for High Vacuum Installations 
See Abstract No.: 5/I 


Improvements i.o.r.t. Vapour Vacuum Pumps 


United Kingdom. The ultimate pressure obtainable with a conventional diffusion pump, essentially consisting 
of a cylindrical housing with a boiler at the lower end and a vapour tube and nozzle assembly in the centre of 
the housing, is limited by the vapour pressure of the pump fluid and/or the vapour pressure of any impurities 
or decomposition products present in the pump. In order to minimise the adverse effects of impurities and 
decomposition products on the pump performance, multi-stage pumps have been built which are intended to 
eliminate high vapour pressure components by fractionation during the running of the pump. Such pumps are 
normally designed to heat relatively deep pools of a pump fluid at all stages and thus fractionation is lacking 
effectiveness. In particular, where the pump is of small diameter and the fluid flows in a substantially horizontal 
direction across the boiler, it is travelling a short distance only before it reaches the boiler zone for the high 
vacuum jet. It is known that two liquids can be more easily separated if the mixture is treated while in the 
form of a thin film. The evaporation of high vapour pressure components of the fluid while the latter returns 
to the boiler after condensation along the pump walls in the form of a thin film, and withdrawal of the high 
vapour pressure components through a special jet, discharging into the backing pressure outlet of the pump, 
are the principal features of an improved fractionating pump described in this patent. The lower end of 
the central vapour tube, connecting with the high vacuum jets, is of a comparatively large diameter leav- 
ing a small clearance only between the pump wall and the boiler zone serving the jets. In addition, a piece 
of tubing appreciably larger than the vapour tube is fitted to the latter in a skirt-like fashion having an 
outlet in front of, and leading into, the exhaust port of the pump. The lower end of the skirt-like tube, below 
the exhaust port of the pump, leaves a small annular space only between the tube and the wall of the pump. 
In operation, the condensate of the fluid returning from the pumping jets along the pump wall will warm 
up due to heat conducted through the pump wall from the boiler area or supplied by a separate heater 
element specially provided for the purpose. Consequently the high volatile components will vaporise and 
travel in an upward direction. By suitably dimensioning the diameter of the skirt-like tube the clearance 
between the latter and the pump wall will be effectively sealed by the liquid returning to the boiler and thus 
the light components of the fluid will be forced to move up within the skirt-like tube and eventually be discharged 
to the exhaust port of the pump. A pipe joined to the exhaust port of the pump leads to a trap which is cooled 
to a controlled temperature and facilitates the condensation of the high volatile components before the pumped 
medium reaches the fore pump. Due to the special vapour jet discharging into the exhaust port of the pump, 
the pressure in that region is higher than the backing pressure produced by the high vacuum jets, but the total 
pressure prevailing in that area is low enough to facilitate adequate operation of the high vacuum jets. Also it 
produces a sufficiently low partial pressure of the air in the region immediately above the outlet of the pump 
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to permit effective degassing of the fluid film collecting on the pump wall in that region. Finally the presence 
of the jet prevents air from being absorbed in the fluid returning to the boiler from which it may be liberated 
subsequently, and produce fresh decomposition products and oxidation phenomena. 

Sommaire: Description d’une méthode améliorée pour un fractionnement de I’huile effectif, dans les pompes 
a diffusion. 


Methods of Purifying Organic Ester Vacuum Pump Fluid Compositions 

United States. The pump fluids employed in oil diffusion pumps are usually prepared by vacuum distillation 
of organic ester compositions which are liquid at 100°C and have a vapour pressure of not greater than 100u Hg 
at 200°C. For instance the 2-ethyl hexyl sebacate diester and the 2-ethyl hexyl phthalate diester permit the pump 
to obtain an ultimate pressure of 5 x 10°° mm. Hg with the best fractions of the distillate. The preparation 
of such fluids is wasteful because two organic ester compositions of suitable liquidity and vapour pressure and 
identical with regard to the measurable physical and chemical characteristics will not necessarily yield a fluid of 
equal evacuating power. Suitability is decided solely by practical tests in a standard testing equipment and up 
to 50% of the distillate obtained during the vacuum distillation process has to be discarded because these 
fractions fail to perform to the required standards. The testing apparatus consists of a single-stage glass diffus- 
ion pump, the outlet of which is connected to a mechanical pump of known performance characteristics, and 
the inlet of which is connected to an evacuable vessel of known dimensions, the pressure of which can be measured 
by means of ionisation gauges. The test consists in pumping down the evacuable chamber, kept at 25°C, with 
the glass diffusion pump employing the fluid under test and measuring the ultimate pressure obtained in the 
chamber at the end of a run of 4 hours. An improved method of preparing pump fluids from the group of mater- 
ials mentioned, permitting a recovery of 25% of the charge in the form of pump fluid satisfying the standard 
set at 5x 10°° mm. Hg ultimate pressure, is described. It is proposed to treat the material by a method involving 
solvent partition. The esters are mixed with a non-polar solvent comprising a paraffin hydrocarbon and a polar 
solvent, immiscible with the non-polar solvent, from the group consisting of lower alykl alcohols, nitroalkanes, 
and keto-nitriles. Subsequently the mixture will separate and the polar solvent phase is withdrawn and the 
solvent is removed by evaporation. Subsequent vacuum distillation of the ester will give satisfactory results 
from all fractions. Further treatment of the remaining polar solvent extract, by repeating the solvent partition 
process, will yield additional amounts of usuable pump fluid. Materials suitable for the treatment described 
are the organic acid esters of alcohols containing from 4 to 9 carbon atoms and, in particular, the dibasic acid 
alkyl diesters containing 12 to 42 carbon atoms. Representative of these materials are the di-n-octyl phthalates 
or sebacates and the di-iso-octyl phthalates or sebacates. 

Sommaire: Discution d’une méthode pour augmenter le rendement de distillation sous vide des compositions 
d’ester organique et d’un procédé nécessaire pour la préparation de fluides de pompage. 


Mechanical Vacuum Pumps 

Germany. Mechanical pumps are designed for industrial processes requiring vacua of 1—10°* mm. Hg, such as 
impregnation, degassing of transformer oils, tungsten lamp production and drying of cables. A mechanical pump 
should essentially satisfy the following requirements: (1) The pump should be capable of pumping down to these 
pressures without the use of a fore pump. (2) The ultimate pressure obtainable with the pump should range 
from 10° to 10° mm. Hg and at 1 mm. Hg its speed should not be substantially below its optimum speed value. 
(3) The pump should be capable of handling vapours without impairing its speed. Essentially, requirement (2) 
can only be satisfied by rotary mechanical pumps, and requirement (3) by rotary pumps fitted with a gas ballast 
device. The working principle of the rotary pump is described, giving details of both existing types of pumps 
available, i.e. the vane type and the piston type of rotary pump. Single-stage pumps of the former type reach 
10°3 mm. Hg ultimate pressure and two-stage types reach 10° mm. ultimate pressure. The rotary piston 
pump is built for high throughputs ranging from 50—600 cubic metre per hour. The single-stage version 
reaches an ultimate pressure of 10°? mm. Hg. Two-stage units are usually built in the form of a rotary piston 
pump backed by a small vane-type pump fitted with a gas ballast device. With such a combination, ulti- 
mate pressures down to 10™* mm. Hg can be obtained as in the case of the single-stage rotary piston pump. 
Details are given of the purpose and operation of the gas ballast device in a vane-type rotary pump. Air 
is admitted to the displacement volume of the pump while the latter is in the compression phase. As a result 
atmospheric pressure in that volume is obtained before the partial pressure of the vapour present in the dis- 
placement volume reaches the saturation value at the temperature of the pump. In order to obtain foolproof 
working of the gas ballast device the vapours pumped should be of a temperature not exceeding about 30°C. 
The device also assists decontamination of the oil as it promotes generally the liberation of gas dissolved in the 
oil. Single-stage rotary gas ballast pumps produce an ultimate of approximately 1 mm. Hg. Two-stage pumps 
have an ultimate pressure of 10° mm. Hg. Vapour pressures up to 30 mm. Hg can be handled satisfactorily 
in a single-stage rotary pump. Higher vapour pressures require the installation of a condenser in front of the 
pump. Finally, the author gives a brief description of the Roots pump. This pump is employed for processes 
requiring pressures of 10°\—10™? mm. Hg and is available for throughputs from 150 cubic meter per hour to 
some 10,000 cubic metre per hour. 

Sommaire: Un article sur les différentes pompes mécaniques a huile avec détails sur les pompes a palettes, 
pompes a cylindre, pompes avec lest d’air, et pompes de Roots. 
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Improvements r.t. Rotary Vacuum Pumps 


United Kingdom. Oil-sealed rotary vacuum pumps, when pumping large quantities of gas, tend to issue 
oil mist together with the discharged air to atmosphere. This necessitates arrangements whereby the exhaust 
is carried outside the room or building and, in the case of smaller pumps, this is often inconvenient. Means 
are described to prevent the discharge of oil mist to atmosphere by providing a suitable baffle within the pump 
casing between the surface of the oil and the cover of the casing. The plate fills the whole cross-section of the 
casing except for an opening at one corner, remote from the pump outlet. In operation, the mixture of the gas 
and fine oil droplets ejected from the exhaust valvestrikes the plate from underneath, is forced to move along 
the plate to the opening in the corner and then again is forced to move along the space above the plate until 
it reaches the outlet hole in the cover of the casing. As a result, the speed of the movement of the air is ap- 
preciably reduced and the oil droplets are largely precipitated on the plate, from which they drip off into the 
oil bath. The plate, which may be suspended from the lid of the casing, is provided with a suitable aperture 
through which the pump inlet connection passes. 

Sommaire: Description d’un baffle special monté a l’intérieur des pompes a rotation a huile, afin de diminuer 
la quantité de vapeur d’huile contenue dans I’air éjecté dans l’atmosphére. 


Automatic Tank Pump Down 
United States. Manual control of large vacuum vessels, which may extend through several rooms of a building 
creates many problems which could be largely overcome if arrangements could be made for the plant to work 
automatically, at least as far as certain standard sequences of operation are concerned. An electrical control 
circuit which does this has been developed and its working principle is described for the case of an installation 
involving a chamber to be evacuated by two diffusion pumps in parallel served by a common mechanical pump. 
The latter can also be connected directly to the chamber by means of a by-pass line for roughing purposes. Two 
gate valves are used, one between each diffusion pump and the chamber. A ‘finishing’ valve is situated between 
the mechanical pump and the diffusion pumps, and a Pirani gauge is connected between the mechanical pump 
and the finishing valve. First the two gate valves and the finishing valve are closed and the chamber is pumped 
by the mechanical pump through the by-pass line until the Pirani gauge indicates a pressure less than 100 u Hg. 
The roughing valve then closes and the finishing valve opens. The gate valves then open and the two diffusion 
pumps function, backed by the mechanical pump. The control aggregate facilitating automatic pump down 
consists of a Pirani power circuit, a Pirani signal circuit, a sequence circuit, a control circuit and a valve power 
circuit. Actuation is effected by the pressure conditions in the system. The Pirani signal circuit controls the 
sequence circuit which determines the order in which the mechanical and diffusion pumps are connected to the 
system. It activates the power control circuit and this sets in operation the valve power circuit, opening and 
closing each valve. Automatic operation can be stopped at any time, and, if necessary, valves can be operated 
manually. Warning lights or signals may be installed to indicate completion of an operation or failure of the 
equipment. 

Sommaire: On donne des détails sur un circuit électrique facilitant le pompage automatique d’enceintes, 
employant deux pompes a diffusion et une pompe a palettes. 


Air Ejectors Cheaper than Steam 
United States. The air ejector has been neglected in past years mainly because of the lack of efficient air com- 
pressors and the high cost of compressed air installations. However, compressed air is now more frequently 
available in factories and consequently the potential merits of air ejector operation have been reviewed afresh. 
It is stated that the air jet has the same desirable features as the steam jet and may sometimes prove cheaper 
to operate. In certain cases its operational features are more favourable than that of a steam jet, for instance 
where operation is intermittent and of short duration as in the case of priming a syphon system, or where the 
material processed has to be kept at a low temperature to avoid dilution, or where the pumped vapour has to 
be collected. Air molecules at a given temperature and pressure have less kinetic energy than those of steam. 
Therefore, theoretically, air cannot produce an ultimate pressure as low as a steam ejector but in practice one- 
and two-stage air and steam ejectors will produce the same order of vacuum although the latter requires less mass 
of moving fluid. Further the hotter the air supplied to the ejector, the higher is the kinetic energy of the air 
and the less of it is required for a given load at ultimate pressure. If the air supplied to the ejector is heated 
to 200°C, only 60% of the requirements at 70°C need be supplied. Operating at 100 p.s.i.g. and 200°F, air and 
steam ejector operation gave similar results. Single-stage air ejectors require 1.4—1.5 lb of air as compared with 
1.0lb steam. Two-stage air ejectors require 2.5—2.7 lb of air compared with 1.0 1b of steam. Curves are given to 
show how these ratios change as the motive air pressure is altered. A comparison of the cost of running air 
ejectors and steam ejectors shows that the cost of air operated ejectors can be quite reasonable but, generally 
speaking, the economy of air ejector operation depends on local conditions. 


Sommaire: On donne des détails sur l’opération d’un éjecteur a air et l’on compare les performances d’un 
appareil equivalent a éjection de vapeur. 


Ceramic Twin-Triode Pumping Technique 
United States. A new type of ‘high reliability’ valve is now under development which consists of a short ceramic 
tube closed at each end by a metal disc. In the case of the double-triode the discs form the anodes. The two flat 
grids and a double-sided button-shaped cathode with an integral heater are assembled in the body of the valve, 
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separated by ceramic spacing rings. The whole assembly, compared in an illustration with its equivalent, a 
6SN7 valve, looks like a ‘pill-box’ of about 14 inch. diameter and 0.5 inch in height with 4 flexible leads coming 
from one end and 1 coming from the other. ‘he ‘stacked construction’ can be adapted for the design of single 
triodes and diodes. After assembly all parts are brazed together except one end. In this condition the valve 
is placed in a vacuum chamber together with the loose disc and as no glass is present baking at 650°C can be 
carried out, after reduction of the pressure, without difficulty. At the end of the pumping cycle the end disc 
is fitted to the body and brazed into position while the valve is still in the evacuated chamber. No pumping 
stem is required and no getter is used. A large batch of such tubes can be vacuum-treated in one run. 


Sommaire: Des détails sont donnés sur une petite double triode en ceramique avec référence particuliere sur 
la méthode simple de traitement sous vide. 


21 — GAUGES — 21 
Very High Vacua 
See Abstract No.: 7/I 


Rocket Research in the Upper Atmosphere 
See Abstract No.: 85/I 


Production, Measurement and Maintenance of High Vacua in Electrical Engineering II. 


Germany. Existing methods of pressure measurements and leak detection in high vacuum are reviewed. The 
operating principle of the McLeod gauge is given. It covers a range down to 10° mm. Hg and is also employed 
for the calibration of other types of vacuum gauges. Details are given of a tilting-type of McLeod gauge 
originally developed by Gaede. However, the latter is only useful for quantitative indication of the pressure. 
The operating principle of the hot-wire gauge is discussed. Measures taken to make the indication independent 
of the temperature conditions are described. The indication of the hot-wire gauge and that of the thermo-couple 


gauge depend on the nature of the gas present, and therefore have to be calibrated for each type of gas separa- 
tely. The author continues with a description of the various types of ionisation gauges in existence, the hot 
ionisation gauge, the cold cathode ionisation gauge and the alphatron gauge. The accuracy of the latter is 
exceptionally high, + 1.5%. Brief reference is made to the Knudsen-type of gauge, the ionisation-gauge 
leak detection method, employing hydrogen as a test gas and a palladium filter, the halogen-type of leak detector, 
and the uses of the mass spectrometer as a leak detector. 


Sommaire: Une revue des méthodes actuelles de mesure du vide poussé et des procédés de détection de fuite. 


Sensitive Glass Bourdon Gauges 


United Kingdom. When measuring compressibility of vapours it was required to set a Bourdon gauge to its 
null point within + 0.01 mm. accuracy and to provide for means of reading the gauge other than by visual 
observation. An electrical method was devised to facilitate this. The gauge in question was constructed of 
soda glass and fused to the main vacuum system. A 0.3-mm. aluminium plate, 3 cm. square, was attached to the 
pointer of the gauge and connected as one plate of a condenser, the other plate being a similar square fixed to 
the gauge stand and earthed. Apiezon A oil was used as the dielectric and damping medium. The change 
of capacity resulting from pressure changes was recorded with a Fielden type PM4 proximity meter, allowing 
changes of pressure of 0.003 mm. Hg to be detected. Besides its merits as a null-point detector for balancing 
the pressure of the two sides of the gauge, the present arrangement could be usefully employed to indicate 
pressure changes in a system. 


Sommaire: Description d’un jauge de Bourdon en verre modifiée employant une méthode electrique pour 
la mise au zéro dans un systéme. 


A Portable Compression Manometer 


Australia. A new type of portable McLeod gauge is described where the closed and open capillary are arranged 
within the tube connecting with the system. This tube is approximately 25 mm. wide, and the mercury is 
raised by squeezing a reservoir made from thick-walled rubber tubing. This rubber sleeve has a length of about 
110 mm. and an external diameter of about 30 mm. At the lower end it is closed by a large glass stopper 
which is sealed against the rubber with glyptal. The upper end of the sleeve surrounds the conical end of the 
connecting tube and is held in place by a wire and hose clip. In the intervening space (between the lower end of 
the connecting tube and the glass stopper) 9.0 c.c. of mercury are held, the surface of the mercury being ap- 
proximately 1 cm. below the edge of the connecting rube. The instrument is 29 cm. high and covers a range 
of 10°*-6 mm. Hg. 


Sommaire: Description d’une nouvelle jauge de McLeod equippée d’un réservoir a mercure fait d’un tube de 
caoutchouci le mercure monte dans l’appareil en pingant le tube. 
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A Tilting Micromanometer with Continuous Sensitivity Control 


United Kingdom. A tilting-type, null-reading manometer has been designed to read pressures in the range 0.01 
to 0.7 inch w.g., within + 1% (with Pitot-static tubes, for air speeds 6.6 to 50 ft./sec. + 0.5%). The instrument, 
which is wall-mounted for convenience, utilises absolute ethyl alcohol as the manometric fluid. The meniscus 
is retuned to zero by varying the angle of inclination of the graduated manometer tube to the horizontal, 
by means of a vertically mounted micrometer adjustment. Sensitivity may be increased by reducing the angle 
of inclination to small or negative values, and as the applied pressure increases the sensitivity automatically 
decreases. By reading at different inclinations of the tube instead of at zero, a magnification factor is obtained. 
the manometer tube, 0.1 inch bore, 16 inch. long, and graduated over 15 inch. rs inch divisions, is mounted 
on a brass strip of 14 inch. x # inch section, which is pivoted at one end and supported by the tip of the 
micrometer adjustment near the other end. Pivot and micrometer are firmly fixed to a metal back-board at an 
accurately known distance from each other. The manometer tube, which is connected to a cylindrical brass reser- 
voir by means of a loop of rubber tubing, is arranged so that the zero graduation is exactly over the pivot. Then, 
when the manometer tube is raised by means of the micrometer, graduation 30, for instance, traverses 10 times 
the distance travelled by graduation 3 and therefore, following similar triangle relationship, a magnification of 
x 10 is obtained for readings taken when the meniscus is at the 3 mark. Readings are converted to pressures 
from a knowledge of the manometric liquid specific gravity and the geometry of the instrument. Air speeds 
of 7-10 ft./sec. have been read without difficulties arising from too high a sensitivity, where zero settings had 
been obtained with the manometer tube inclined at 0° 20’. The accuracy of the prototype instrument was in- 
vestigated and it was found that by using v-octane or n-hexane as the manometric fluid, a larger reservoir 
connected by polyvinylchloride tubing instead of rubber tubing, a narrower manometer tube and a high- 
precision micrometer, the accuracy obtained would be almost completely governed by one factor only, 2.e. 
the degree of temperature control achieved. 


Sommaire: Des détails sont donnés sur un micromanométre basculant avec control de sensitivité continu. 


Apparatus for Measuring Vapour Pressure 


France. In connection with work on the ultra-violet spectrum of the vapour of heavy water the authors 
required a method for the precise measurement of low vapour pressures. After a review of the existing methods 
the authors decided to employ a mercury manometer and, further, an arrangement of the tilting Rayleigh type 
of mercury manometer. Two modifications were made to the method: (a) The angle of inclination was measured 
by micrometer and (b) the height of the mercury in the tube was recorded by means of an electrical contact. 
Details of the arrangement are given in a sketch. It consists essentially of a horizontal tube to which two 
vertical tubes are joined, a short distance apart, near one end. One is for holding the sample and the second 
is to receive the distilled-over sample to facilitate vapour pressure measurement at the desired temperature. 
In addition, at the other end, three intercommunicating vertical tubes are joined to the horizontal tube, the 
three tubes being filled with mercury by raising a reservoir with the help of a micrometer screw. A wire electrode 
is sealed into each of the three latter tubes their points being on horizontal line. Two wire electrodes are con- 
nected to two different electric measuring circuits (with the third as a joint conductor). In operation the sample 
is introduced into the sample tube and the whole system is evacuated. Subsequently the mercury is raised to 
the tips of the electrodes, shutting off the pump at the same time, and the sample is cooled to liquid nitrogen 
temperature. Zero pressure measurements are taken. Then follows the distilling-over of the sample into 
the aforementioned second vertical tube and immersion of the latter in a cryostat kept at the desired tem- 
perature. When equilibrium of temperature and pressure has been established the arrangement is tilted to a 
position where, again, the electrodes are in contact with the mercury in each tube. Depending on the range of 
the vapour pressure investigated one or the other of the electrical circuits is used for measurement, the sensitiv- 
ity of one circuit being in the region 2 x 10° mm. Hg and that of the other at about 10°? mm. Hg. 


Sommaire: Description d’un montage de laboratoire pour mesurer de trés basses tensions de vapeur. 


New Absolute Manometer for Vapour Pressures in the Micron Range 


United States. Published values for vapour pressures of various materials prove that it is difficult to measure 
vapour pressures of the order of 1 pw accurately. In the case of mercury, for instance, four recently published 
determinations of vapour pressure in the 1-10 p Hg range vary by about 10%. The authors describe a specially 
constructed manometer which facilitates determination of vapour pressures in that region with an accuracy 
of about 1%. The instrument works on the piston principle. The piston consists of a number of small mica 
discs fitted to a rod-like central glass fibre with spacers, the glass fibre being attached to the lower end of a 
quartz helix which is suspended at the top of the instrument from a windlass which is provided to facilitate 
adjustment. In this manner pressure is measured directly in terms of force and area by recording the variation 
in the length of the quartz helix. The body of the apparatus is made from a single piece of 65 mm. diam. 
Pyrex tubing which terminates at the top in a standard taper joint to receive the cap which incorporates the 
windlass, and has a constriction of about 30 mm. internal diam. at about 7 cm. from the lower end. The 
constriction is ground internally to form a true cylinder of an accuracy of + 0.001 inch. The piston is machined 
to fit this constriction with a tolerance of 0.006 inch. The movement of the piston is restricted by the provision 
of fixed stops. The part of the instrument below the constriction comprises the vapour chamber to which a small 
tube holding the sample is joined. Immediately above the constriction, a cold-finger condenser is joined to 
the instrument chamber and the pumping line. After introduction of the sample (100 mg.) the instrument is 
evacuated down to 10-5 mm. Hg in about 10 minutes, when the cold-finger of the condenser is filled with liquid 
nitrogen (in the case of mercury being the test material), and the sample is degassed by torching. Subsequently 
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the sample tube is immersed in a refrigerant and the ‘zero’ length of the helix is determined with a cathetometer 
within 0.05 mm. This is followed by distilling over the sample into the vapour chamber, a small heater around the 
constriction preventing deposition on the piston. Finally the vapour chamber is immersed in a thermostatically 
controlled, liquid, constant-temperature bath, and a second reading is taken of the distance between the upper 
and lower reference points of the helix. The difference between the two distances is a measure of the force 
exerted by the vapour on the piston. The results for mercury are given in a table partly reproduced below. 


Vapour Pressure of Mercury in Microns. 


Vapour Pressure 


Temp. 4 
°C. Observed Calculated Deviation 


12.08 0.634 0.639 —0.8 
20.97 1.389 1.396 —0.5 
30.05 2.951 2.961 — 0.3 
38.98 5.947 5.936 +0.2 
50.99 14.25 14.25 0.0 


The values in the third column of this table are calculated by the two constant least squares fitted equation 
logyg P(u) = 11.0372—3204/T 

where P(,) is the vapour pressure in microns and T the absolute temperature in °K. Deviations nowhere 

exceed 1%. The article concludes with a discussion of the potential sources of error inherent in the new method. 


Sommaire: Description d’un appareil basé sur le principe a piston pour déterminer les tensions de vapeur a 1% 
dans les régions de 1] a 20 microns. 


Measurement of Small Differential Pressures at Low Absolute Pressures 


United Kingdom. In connection with work on gas flow through powders at reduced pressures, differential 
pressures ranging from | to 60 u Hg in the absolute pressure range of 1-100 u Hg had to be measured accurately. 
The conventional method employing two McLeod gauges did not permit accurate readings even when a catho- 
tometer was used. Details are given of an alternative arrangement which worked satisfactorily. An oil capillary 
manometer is connected to a McLeod bulb at either end situated at a lower level. The tubes connecting with 
the system are joined to the manometer on each side between the McLeod bulb and the lower mercury reservoir. 
By admitting air to the mercury reservoirs on both sides the mercury rises through the spheres and up the 
manometer tube to a height of 76 cm. This is equivalent to a compression ratio of 20 : 1 in the particular 
design described and illustrated, thus increasing the observed differential pressure about 20 times. This can be 
easily determined with the help of a cathetometer. The theory forming the basis for the operation of the new 
arrangement is briefly discussed. 

Sommaire: Description d’un simple arrangement facilitant la lecture de petites pressions dans la region de 1 a 
60 et de 1 a 100 uw Hg. 


Improvements i.o.r.t. Vacuum Gauges 

Germany. The use of Knudsen-type vacuum gauges in applications outside the scientific laboratory has been 
handicapped by mechanical difficulties inherent in the working principle of the gauge. Its delicate suspension 
and pressure elements may be damaged even by minute shocks such as those resulting from the impact of 
condensing droplets of pump fluid which pass through the pipes into the instrument, and/or through shocks 
delivered during transport of the gauge. An improved design of the gauge is described which provides a solution 
to some of these problems. It consists of a fixed cylinder of metal, glass or ceramic enclosing a ceramic former 
carrying a heater coil. In the space between the cylinder and the water-cooled walls of the gauge envelope, the 
feeler element, in the form of a moveable cylinder, is suspended between quartz fibres usually about 10 y thick. 
This latter cylinder is preferably made from aluminium foil 20 wu thick and has the appearance of a turbine, 
the length of which is several times that of its diameter. The turbine blades consist of strips cut parallel to 
the cylinder axis and bent outwards at an angle of about 45°. As a result of the thermic molecular pressure 
created between the hot surface of the inner cylinder and the cold surface of the gauge envelope the feeler 
element rotates by an amount limited by the counter-torque exerted by the suspension. Coupled with the new 
design of the pressure sensitive element is an arresting device which consists of bimetallic strips which are 
attached to the surface of the inner (stationary) cylinder and which are designed in such a manner that they 
lock the rotor when it is not in use. Various forms of such an arresting device, all based on the same principle, 
are shown. This ‘brake’ will be lifted automatically about 2-5 minutes after the heater circuit of the gauge 
has been switched on. Damping is provided by means of a permanent magnetic field which produces eddy 
currents in the rotor. In the range below 10-2 mm. Hg the operation of the instrument is based on the ‘radio- 
meter factor of the first kind’ where the thermic molecular pressure is proportional to the prevailing gas pres- 
sure. Above 10-2 mm. Hg the gauge operates by the so-called ‘radiometer effect of the second kind’ where 
the movement of the feeler element is inversely proportional to gas pressure. Provision is made for an automatic 
indication of the pressure range in which the gauge is operating. 

Sommaire: Description d’améliorations récemment apportées a la jauge de Knudsen afin de neutraliser es 
effets de chocs sur 1’élément sensible a la pression’. 
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An Instrument for Leak Detection and Pressure Measurement in High Vacuum > ystems 
See Abstract No.: 123/II 


A Differential Leak Detector for Evacuated Vessels 
See Abstract No.: 124/II 


A Hydrogen Pirani Leak Detector Using a Charcoal Trap 
See Abstract No.: 125/II 


A Pirani Gauge Combined with a Triode Tube 
Japan. A Pirani gauge is connected to the grid of a medium-mu triode. The anode current can be made a 
linear function of the pressure by choosing an appropriate grid bias potential. The use of the triode increases 
the sensitivity 70-80 times. 

(Chemical Abstracts) 
Sommaire: Une jauge de Pirani est branchée sur la grille d’une triode de mu/moyen. Le courant anodique peut 
devenir une fonction linéaire de la pression en choisissant une polarisation de grille appropriée. L’emploi d’une 
triode augmente la sensibilité de 70 a 80 fois. 


Heat Transfer from Wires to Gases 
See Abstract No.: 21/IV 


A Pirani Gauge Circuit 
United Kingdom. The advantages of a direct-reading constant-temperature Pirani-type gauge have been 
incorporated in an instrument designed to provide an almost linear calibration. The Pirani element, consisting 
of a tungsten coil of 12Q (cold resistance) and 4 cm. in length, was connected in a bridge circuit which was 
kept almost balanced by supplying the voltage from a 1 kc./sec. amplifier in a feedback arrangement. The bridge 
voltage is related to the pressure p in the vacuum system by the parabolic relation p = A (V?-V,?), where 
A and V, are constants. To obtain a linear calibration the nearly parabolic characteristics of a germanium 
rectifier were used. The rectifier was incorporated in a simple detector circuit which provided an almost linear 
calibration that was practically unaffected by the rectifier parameters. A second detector circuit was designed to 
provide improved linearity but the calibration was then found to be dependent on the rectifier characteristics 
thus requiring individual calibration for every instrument. With the detector circuits used the gauge is free 
from any zero drift. Details of both circuits are given. 

Sommaire: Un circuit détecteur ayant un redresseur a germanium est employé avec une jauge de Pirani a 
temperature constante et lecture directe. 


A Simple Vacuum Measuring Device for the Laboratory 


Austria. A simple vacuum gauge based on the Pirani principle is described. A small, commercial tungsten lamp 
(220 V, 7 W) is unsealed and used as a vacuum detector. The lamp is connected to the vacuum source, and 
is placed in one arm of a bridge circuit which is powered by a stabilised d.c. voltage (V.R. tube regulation). 
The bridge unbalance is determined from a milli-ammeter placed across the bridge output. A circuit diagram 


of the apparatus is shown. 
(Chemical Abstracts) 


Sommaire: Des détails sont donnés sur une simple jauge de Pirani pouvant étre construite en laboratoire. 


The Uses of Thermistors as Vacuum Gauges 


France. The author investigated the uses of thermistors as vacuum gauges in connection with studies on the 
vapour pressure of various organic substances at room temperatures in the range of 10°°-10°' mm. Hg. The 
vapours of the particular materials were condensable and therefore the McLeod gauge could not be used. The 
hot-wire gauge was also excluded because of the heat-sensitivity of the material. The thermistors investigated 
by the author have a temperature coefficient of about —0.045 per °C at 25°C. Their resistance was between 
300,000 and 900,000 Q at 25°C and they were mounted in the form of pearls, not specially protected, in glass 
tubes of 8 mm. diameter. The actual measuring device consisted of a Wheatstone bridge circuit providing for 
a load resistance in series with the thermistor. As this device was very sensitive to voltage variations a thyra- 
tron arrangement was used for the stabilisation of the supply. Methodical experiments were carried out to 
establish proper pressure—resistance relationships for various ambient temperatures. In order to obtain stable 
values for the latter, the thermistor assembly was placed in paraffin oil contained in a Dewar vessel. A 
graph shows the results for various ambient temperatures. Further, in order to determine the optimum opera- 
tional conditions of the thermistor, the voltage between the terminals of the thermistor as a function of the 
current passing through the thermistor was recorded for various temperatures. Detailed results of these experi- 
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ments are given for measurements at 0°C ambient temperature employing a thermistor of 400,000 Q at 25°C 
A graphical method is employed to deduce from these results the magnitude of the supply voltage which will 
ensure stable performance of the thermistor. In a particular case, the supply voltage deduced by this method is 
34 V when a load resistance of 200,000 Q is employed. This figure applies at a pressure of 6.7 x 10°? mm. Hg. 
The sensitivity of such a thermistor gauge is reasonably good down to 5 x 10°? mm. Hg. 


Sommaire: Des recherches méthodiques ont été faites sur l’emploi des thermistances comme jauge de vide. 


Desorption of Gas in the Cold-Cathode Ionisation Gauge 


United Kingdom. The author investigated desorption taking place in a cold-cathode ionisation gauge caused 
either by heating or by ionic bombardment. A gauge of the type described by Penning and Nienhuis (1949) 
was used. The system consisted of a manifold, pumped, via a carbon dioxide trap, by two diffusion pumps in 
series. To the manifold were connected: the Penning gauge, a hot-cathode ionisation gauge, a mass spectrometer 
of the 90° deflection Nier-type resolving up to mass 90 and, via a porous plug, a 2-1. reservoir in which the gases 
to be examined were kept. The mass spectrometer and manifold could be baked to 100°C and the Penning 
gauge to 400°C. The gauge electrodes could be raised to 1,000°C by r.f. heating. The procedure was to run the 
discharge in a particular gas for a period and then to replace the gas by another and observe the rate of desorption 
of the first gas by means of the mass spectrometer. The results are presented in graphs showing that the total 
gas desorbed depends on the type of gas, the discharge current and the length of the previous sorption period. 
It does not depend upon applied voltage, magnetic field or composition of gas in the discharge. Clean-up takes 
place only in the presence of a discharge. The amount of gas liberated during baking of the gauge at 200°C 
was the same as that released by ionic bombardment. The gas was found to be held entirely by the cathodes. 
The results are not affected by the material employed for the electrodes. Nor could any significant differences 
be discovered by either short or prolonged baking of the apparatus before the experimental run. An additional 
quantity of gas was released on heating the electrodes to 1,000°C, suggesting tighter bonding of these gas mole- 
cules. A graph, showing the dependence of total gas cleaned up in an argon discharge on the discharge voltage, 
indicates that the total amount of gas increases as the discharge voltage goes up. The sorption rate in this case 
depends on the type of gas present in the discharge and is greater for nitrogen for instance, than for an inert gas. 
These findings suggest two different desorption mechanisms operating simultaneously. One is confined to the 
surface and is independent of the composition of the gaseous atmosphere, producing a purely physical bond 
between the gas molecules and the cathode surface. In that case the maximum quantity of gas absorbed is 
equivalent to a monolayer, each ion on arrival at the cathode replacing an ion already there, 2.e. sorption and 
desorption take place simultaneously. Parallel to this is the second effect whereby gas is bound tightly to the 
interior of the cathode. The latter effect depends on the gas composition present and requires further explora- 
tion. 

Sommaire: Les phénoménes de dégazage des jauges a ionisation a cathode froide du type de Penning ont 
été etudiés. 


Ionic Pumping Mechanism of Helium in an Ionisation Gauge 
See Abstract No.: 5/II 


An Automatic Pressure Recorder for the Study of Gas-Phase Kinetics 


United Kingdom. A convenient means of following gas-phase reactions is the determination of the reaction 
tate by observing the changes in pressure of a fixed mass of the reactors in a system of constant volume. Con- 
ventional automatic recorders are not suitable where the system is to be kept at a constant volume. Details 
are given of an automatic pressure recorder specially designed for the purpose. It covers a range of 5-100 cm. 
Hg and operates with an accuracy of about 0.5 mm. Hg. The general principle of the apparatus is that of a 
self-balancing servo-mechanism which ensures constant volume in the reaction vessel during the reaction 
process by adjusting an external pressure in accordance with the pressure changes within the reaction vessel. 
In the arrangement described the reaction vessel is situated in a furnace and fitted with a capillary tube leading 
out of the furnace. Sealed into the capillary tube are two contacts, a short distance apart. The other end 
of the capillary is joined via a tap to an evacuated bulb which in turn communicates with a mercury reservoir 
which can be raised and lowered by means of a pulley. The actual drive is provided by a second pulley which, 
at the same time, is linked to the pen of a recorder thus producing a continuous trace showing the position of 
the mercury reservoir as a function of time. The driving pulley is rotated either clockwise or anti-clockwise 
by means of two opposed solenoid-operated ratchets. The solenoids form part of an electric circuit which is 
controlled by the two aforementioned contacts in the capillary leading to the reaction vessel. In order to ensure 
constant volume in the reaction vessel the mercury exerting the external pressure should fill the capillary up to 
the second contact, nearest to the reaction vessel. If the internal pressure is excessive contact will be broken 
and the ratchet raising the mercury reservoir will be actuated. Ifthe internal pressure decreases the opposite 
action takes place. A mercury manometer is provided to ascertain the pressure at zero time of the experiment. 
The latter is shut off by a tap immediately after the start of a run. 


Sommaire: Description d’un enrégistreur automatique de pression pour l'étude de la cinétique des gaz lorsque 
le systéme doit rester 4 un volume constant pendant les observations. 
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The Leak Problem in Vacuum Engineering. Construction of a Leak Detector Mass Spectrometer 


France. A report is given on the mass spectrometer designed by the author as a leak detection instrument 
to be used with helium as the probe gas. The report is written in two parts. In the first, a brief review is 
given of existing leak detection methods, pointing out that the mass spectrometer method offers the highest 
sensitivity. It follows a discussion of the physics of leak detection phenomena and the theory of measuring 
leaks. The second part concentrates on the instrument itself. In the introduction, stating the particular design 
problem, it is stated that the separate recording of helium in the instrument is comparatively easy as the mole- 
cular mass of helium is small and the variety of other particles of a similar mass which may be present in the 
ionisation chamber of the instrument is comparatively restricted. A table reproduced below gives a list of 


22 — MEASURING PLANT (VACUUM) -- 22 


Nature of the Particle 


Charge 
(4) 


Remarks 


Atomie Hydrogen 


Molecular Hydrogen 


Molecular Hydrogen 
+ 1 proton 


Normally present 
in the ion beam. 


Deuterium 


Helium 


bo 


Not present in any 
detectable quantity. 


~ Not present in any 
detectable quantity. 


Present only in the 
case of a leak. 


bo 


Not present in any 
detectable quantity. 


Lithium 


Normally not present. 


Beryllium 


~ Normally not present. 


Boron 


Normally not present. 


Carbon 


| 
| 


bo 
| 


Normally present in 
the ion beam. 


Nitrogen 


Normally present in 
the ion beam. 


the particles in question with their masses and charges. The separation of the ionised particles by means of mag- 
netic fields is a function of the ratio M/q, and from the table it can be seen that satisfactory resolution is obtained 
in the instrument if the ions of a ratio M/q = 3 and 6 are effectively separated from the helium ions which have 
aratio M/q = 4. The objective of producing a simple and robust instrument has been achieved, (a) by providing 
an ion source of superior ionisation efficiency, (b) by improving background interference and (c) by arranging the 
electrical circuitry to give exceptionally high amplificatioin. (a) has been achieved by placing the ion source 
in an area completely partitioned off from the spectrometer tube but for an aperture of about 1 mm. diam. 
communicating between the two chambers. This enables the ion source to be operated at a pressure of 107% 
mm. Hg while the pressure in the spectrometer tube is 10° mm. Hg. (6) has been obtained by dividing the spec- 
trometer tube into two cells by means of a partition containing a narrow slot, and having a barrier immediately 
in front of the collector. These barriers act as filters against parasitic ions, and thus background noise is 
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reduced. Details are given of the circuitry employed in the instrument. The instrument described can detect 
a leak equivalent to 10°? mm.#/hr. at atmospheric pressure. See also Abstract 46/II. 


Sommaire: On discute un spectrométre de masse développé specialement pour la détection des fuites avec 
Vidée directrice de réaliser un spectrométre de masse simple et robuste, tout en ayant une grande sensibilité 


statique pour l’hélium. 


Sensitivity of a Leak Detector Mass Spectrometer 


France. The sensitivity of the instrument referred to in Abstract No. 45/II is investigated. A mass spectro- 
meter will detect helium in an atmosphere if present in a concentration of no more than | in 400,000. If special 
precautions are taken, this sensitivity can be increased to | in 2,000,000. This known property of the instrument, 
however, cannot be translated into an actual figure for the minimum size of leak detectable by the instrument 
in the case where the system to be leak tested is continuously pumped. The figure, in terms of c.c./sec. or 
mm.*/hr. leakage, depends on the speed at which the system is pumped and on a series of other factors. For 
instance, at a given pumping speed and ultimate pressure, the time the leak in the wall of the vessel is ex- 
posed to the helium jet may be too short to allow the build-up of concentration of helium in the residual 
gas atmosphere to reach the threshold of the instrument. Typical examples of the leak testing of a sealed-off 
receptacle by the instrument and a continuously-pumped receptacle by the instrument are given. It is shown 
that the sensitivity can be improved by closing for a while the stopcock in the line connecting with the spectro- 
meter, and, in the case of the sealed-off receptacle, increasing the period of spraying the walls with helium permit- 
ting the helium to accumulate within the vessel. In a similar manner, improved sensitivity can be obtained in the 
case of the continuously-pumped receptacle by shutting off the pump for a while and lengthening the period of 
exposure to the helium. In his conclusions, the author states that extreme sensitivity as offered by the mass 
spectrometer method is desirable in leak testing small sealed-off receptacles, but, in the case of larger continuously- 
pumped systems, the sensitivity of other methods such as the halogen-platinum method or the hydrogen- 
palladium leak detection method may be equally suitable. 

Sommaire: Le but de cet article est de définir et de préciser la notion de sensibilité de détection a1’ helium 
du spectrometre de masse decrit dans le resumé No. 45/II. Il y a des exemples pratiques. 


Some Properties of a Simple Omegatron-Type Mass Spectrometer 


United Kingdom. The operation of an omegatron-type mass spectrometer has been investigated, in particular 
from the point of view of its suitability for the analysis of low pressure residual gas atmospheres. In an ome- 
gatron ionisation is effected in the area of a uniform magnetic field. Of the ions thus produced, those of a 
selected charge-mass ratio are accelerated in spiral orbits of increasing energy due to the presence of a cross 
electric field alternating at the cyclotron frequency. The type of ion accelerated is determined by the strength 
of the magnetic field and the frequency of the electric field which are variable and thus facilitate identification 
of the ions present in the atmosphere. In detail the omegatron assembly consists of a box constituting the 
ionisation chamber placed in a magnetic field produced, in this case, by a permanent magnet which gave a 
field strength of 2.3 kG across a 1} inch gap. The ionisation chamber, enclosed in a glass envelope, was evacuated 
by a glass mercury diffusion pump. The electron source was a 0.004-inch tungsten filament situated in a metal 
tube attached to a side wall of the box, and the electrons issued through a small perpendicular slot traversing 
the centre of the box along the magnetic field and collecting on the opposite wall of the box. Secondary 
electron suppression was provided. The top and bottom of the chamber formed the condenser plates between 
which the electrical field was maintained. The ion collector projected into the box through a slot in one of the 
two side electrodes. The ions formed by collision with the electrons spiral round the lines of force of the magnetic 
field at angular velocity w@ = eH/M radians/sec. where e is the particle charge, M is the particle mass and H 
is the strength of the magnetic field. As the radius of these orbits is very small, few ions would escape the 
electron beam as a direct result of their initial energies. Therefore an electric field is applied perpendicular to 
the magnetic field and if the former alternates at an angular frequency eH /Mg the ions of charge—mass ratio 
e/Mg are extracted from the beam and accelerated in the direction of the ion collector. In order to minimise 
escape of these ions to the walls an electric trapping field is applied. The investigations reported here were 
carried out with a fixed magnetic field strength and were concerned with the effects of varying the strength 
of the electric field, the magnitude and shape of the trapping field, the magnitude of the electron beam current 
and the pressure of the residual gas (essentially nitrogen only) on the peak recorded by the instrument. 
Optimum conditions, when varying the trapping field, are obtained by keeping the condenser plates at d.c. 
earth potential and raising the other four electrodes to the same positive potential. Detailed results are given 
in graphs indicating that space charges have an appreciable effect on resonant acceleration. However, it was 
found that the components of light gas mixtures could be analysed satisfactorily if present at partial pressures 
down to about 1071! mm. Hg. 


Sommaire: Recherches expérimentales pour montrer l’effet du changement de differents paramétres sur la 
résolution, la sensibilité et la fréquence résonnante de l’azote, enregistré par un spectrométre de masse omégatron. 


New Time-of-Flight Mass Spectrometer 


United States. Following the use by Fox et al. (Phys. Rev., 84, 1951, 859) of a pulsed ion source in a deflection 
mass spectrometer for the accurate measurement of appearance potentials, the authors have designed an 
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instrument for the same purpose employing a pulsed ion source as before but abandoning the principle of focusing 
the electron beam by a magnetic field, and providing for a time-of-flight method of analysis. The new method 
allows for an axial electron beam of large cross section. Further, improved resolution, with respect to earlier 
instruments of this kind, is obtained by gating the ion beam with the help of a pair of grids in front of the ion 
collector so that only ion bursts of a given mass number reach the collector. This arrangement makes it possible 
to integrate the ion current from a large number of cycles which is then detected with a conventional electro- 
meter amplifier. The instrument consists of a stainless steel tube 1 m. long and 24 inch. in diameter which is 
connected at the source end to a V.M.F. 260 diffusion pump unit via a cold trap. The pressure is measured 
by an ionisation gauge joined to the pumping line. In order to reduce background the tube is maintained 
during operation at about 100°C by a resistance heater wound over its full length. The ion source consists of a 
tungsten filament of 0.015 inch diam. operated at 15A, and six grids, and the collector fitted to the other end of 
the tube consists of three grids. Details of the timing circuitry are given. Pulsation is obtained from a repetition 
rate oscillator producing 5,000 pulses per second. Grid 1 (nearest to the filament) serves to keep the electron 
beam on during the bombardment period. Grid 2 provides a retarding field to cut off the electron energy 
distribution. The electron accelerating potential is supplied between grids 2 and 3, monitored by a voltbox 
and potentiometer, this voltage being the quantity varied when taking an appearance curve. The space 
between grids 3 and 4 is field-free and constitutes the ionisation region while the electron beam is on. During 
each off-period a pulse of 0.2 uw sec., varying from 0 to 50 V, is applied to grid 4 to ‘push out’ the ions in the 
direction of the drift tube. Grid 5 is to repel those electrons which have passed through grids 3 and 4 and also 
to produce an accelerating field for the ions travelling in the direction of the drift tube. Grid 6 and grid 1 of the 
collector assembly are connected to the tube wall in order to obtain a uniform potential region in the drift 
tube. The second grid of the collector assembly is supplied with the ion selector pulse to effect selection of ions 
of a given mass, and the third grid serves to reject any ions which may have by-passed the action of the previous 
grid. Values of ionisation potentials for xenon, carbon dioxide, nitrogen and argon obtained in the instrument 
showed agreement to within 0.05 V with those obtained by spectroscopic means and the theoretical resolution 


appears to be satisfactory up to mass 100. 
Sommaire: Un nouveau spectrométre de masse du type ‘time-of-flight’ a été construit. 


A Metal Mercury Diffusion Pump and Cold Trap for the Line Recorder 
See Abstract No.: 10/II 


Trap for Attenuating Mercury Vapours in the Mass Spectrometer 

United States. Difficulties have been experienced in the interpretation of some mass spectra when using the 
Consolidated mass spectrometer Model 21-103, due to the presence of mercury in the ionisation chamber. 
The mercury parent peaks at m/e 198-204 and their half-peaks at m/e 99-102 were particularly pronounced when 
samples such as higher boiling liquids were introduced through the mercury orifice. A trap is described which 
absorbs mercury vapour and which has been run continuously for six months without requiring any servicing 
attention. It consists of a cylindrical vessel sealed at both ends and positioned vertically, 32 mm. wide and 90 
mm. high. The vessel is connected by means of a side tube to the mercury orifice and, by means of a central 
tube projecting into it, to the metal valve block. The vessel is packed with 10-mesh granulated zinc up to the 
opening of the central tube, the latter being fitted with a platinum gauze filter to prevent penetration of the 
zinc into the tube. A similar filter is placed in the connection to the mercury orifice. To avoid any increase of 
background effects the trap is heated to about 50°C by means of resistance wire wound around the envelope. 
The effectiveness of the trap is indicated by measurements recorded in the table reproduced below where the 


Effect of Zine Trap 


Height of m/e 101. 
Arbitrary Units 


Before installation After installation 

2, 4-Hexadienal 4.6 0.2 
15.1 0.0 
Acetie Acid 6.3 0.0 
5.0 0.0 
Isopropy! alcohol 4.1 0.0 
Dodecene 18.3 0.1 
76.1 0.3 
Methanol 0.3 0.1 
Ethyl Alcohol 1.1 0.0 


height of the mercury half-peak (m/e 101) is shown for different compounds expanded in the inlet system. 


dans la chambre d’ionisation d’un spectométre de masse. 


Determination of Hydrocarbons by a Palladium-Tube Mass Spectrometer Method 
See Abstract No.: 15/IV 


Sommaire: Des détails sont donnés sur une trappe remplie de zinc granulé pour empécher le mercure de pénétrer 
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A Sensitive Continuously-Evacuated Cathode-Ray Oscillograph 


United Kingdom. In experiments on stress waves in solids using the Hopkinson pressure bar, as modified by 
Davies (Phil. Tvans. Roy. Soc., 240A, 1948, 375), non-recurrent transient, potential differences of the order of a 
millivolt having a duration of 100 u sec. or less have to be recorded. The advantages of a continuously evacuated 
cathode-ray tube over the sealed-off type for such a purpose are discussed, and the special design of a demount- 
able cathode-ray tube which provides sharp dense traces of potential differences of the order of a few millivolts 
at sweep speeds of 0.05-1 cm./y sec. is described. The electron beam is produced in a cold-cathode discharge 
tube having an aluminium cathode with a removable tip, facilitating polishing when necessary to restore 
discharge stability, and a brass anode in which is set a nickel disc with a hole of 0.15 inch. diam. in the centre 
to permit passage of the electron beam. The tube is normally operated at 8-25 kV, a pressure of about 10-2 mm. 
Hg, and a discharge current of 0.1—-0.5 mA. The main chamber of the oscillograph is maintained at about 
10° mm. Hg by an oil diffusion pump unit. The higher pressure in the discharge tube is regulated by means of a 
needle valve. The electron beam is normally trapped in a special chamber by maintaining a high potential 
difference across a pair of deflecting plates situated above a small aperture. When a recording is to be made, a 
pulse from the time-base unit—initiated by the transient to be recorded— is applied to the plates of the beam 
trap and releases the electron beam. Fogging of the photographic plate by charged atoms from the discharge 
is prevented by inclining the discharge tube slightly to the vertical so that its axis does not pass through the 
aperture in the beam-trap chamber. A magnetic coil placed between the cathode and the camera focuses the 
electron beam on to the fluorescent screen or photographic plate. The separation of the four deflecting plates 
can be varied from outside by a metal bellows mechanism. The screen can be replaced by a photographic plate, 
and an air-lock system enables the plate to be replaced without breaking the vacuum. Ilford Special Gaslight 
plates, rendered relatively insensitive to light by treatment with phenosafranine, were used for recording 
at electron accelerating voltages above 10 kV. Details are given of a video-amplifier to provide a gain of about 
2,000 for a transient input potential difference of 50 mV over a period of 0.1—1 msec. consistent with the ex- 
perimental conditions in:the particular case. Details of the time-base unit employed are also given. The per- 
formance and operation of the tube are discussed and, as an example of the use of the instrument, an investigation 
into the propagation of elastic waves in a steel bar of rectangular cross-section is briefly described. 


Sommaire: Description d’un oscillographe, dont le tube est continuellement pompé, employé dans des travaux 
expérimentaux sur les ondes d’effort dans les solides. 


Electronic Vacuum Dilatometer 


United States. On heating or cooling a specimen, sudden dimensional changes may occur in the specimen when 
a phase boundary in the constitutional diagram is crossed. A dilatometer which magnifies such expansion or 
contraction provides data useful in the study of alloy systems, for instance. In the case of highly reactive 
specimens, a vacuum or inert atmosphere in the instrument is essential. The instrument described employs a 
linear variable differential transformer, with the advantage that length changes are converted, with high 
sensitivity and rapid rate of response, into electrical signals which permit easy transmission through the walls 
of the chamber and automatic recording of the expansion curve. The absence of mechanical linkages reduces 
frictional errors toa minimum. The cylindrical specimen, about } inch diam. and 1 inch long, rests vertically on 
a ground silica-seat, fused into a silica specimen tube which is suspended from a circular brass base plate. A glass 
bell-jar is sealed to the top of the plate, and contains the transformer and adjusting mechanism. The sample 
is heated by a silica tube furnace up to a maximum of 1,000°C, the temperature being measured by a chromel— 
alumel thermo-couple inserted into a 0.10 inch hole in the bottom of the sample. A pressure of about 107 
mm. Hg is maintained in the instrument by a three-stage glass oil diffusion pump and liquid air trap. Pressures 
are measured by commercial thermo-couple and ionisation gauges. A long, thin silica rod rests in a small 
depression at the top of the specimen and transmits the expansion to the steel core of the transformer which can 
move freely inside the hollow ceramic former of the transformer coils. Three coaxial coils are wound on the 
former and when a voltage of 3-10 V is applied to the central (primary) winding, voltages are induced in the two 
secondary coils, the net values depending on the position of the steel core and, since the two secondaries are 
wired in phase opposition, the output is zero when the core is in the exact centre. The output is directly pro- 
portional to the displacement of the core (maximum +0.020 inch) with a sensitivity of 0.002 V/0.001 inch 
displacement at 2,000 c./sec. The coils can be adjusted vertically, so that the core is in the centre at the begin- 
ning of a run. The output from the transformer is fed through a two-stage amplifier and a detector circuit 
into the chart-drive circuit of a recorder whilst the pen is driven by the output of the thermo-couple. Typical 
curves are given for a low-carbon iron and a sample of unalloyed zirconium, the latter curve showing the 
characteristic difference in dilation between the heating and cooling cycles. 


Sommaire: On a construit un dilatométre a vide basé sur un transformateur différentiel, linéaire, variable. 


A Remote-Controlled Quartz-Fibre Microbalance: Design, Construction and Characteristics 


United States. The WKirk-Craig quartz-fibre microbalance offers a means of weighing microgram and milligram 
objects to an extremely high degree of accuracy. The modified version described is completely vacuum-tight and 
remote-controlled, providing still greater accuracy. Designed primarily for the handling and measurement of 
radioactive samples, the construction offers advantages for the weighing of any mass. The entire balance 
system—cross-beam, suspension, pan-holders, and pans—is constructed of fused quartz. A 24 » diam. quartz 
torsion fibre is connected to the beam and extends perpendicularly from it to a tension bow. This fibre provides 
the means of fine adjustment when weighing, by applying a torque to the beam. It can be twisted up to three 
revolutions in either direction by means of an external drive shaft which is coupled to an electric motor by a 
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200:1 reduction gear, to give from 1 to 2 r.p.m. The balance casing can be evacuated down to 1 mm. Hg. 
A desiccating agent is enclosed to eliminate any moisture. Ports are provided on either side of the casing, 
through which each pan may be viewed by a telescope, and steadied by arresters. The pans and contents are 
illuminated by two bulbs of about 7 W each, mounted in the roof and having infra-red absorption filters to 
prevent thermal transmission to the balance. Thermal convection currents due to external temperature 
fluctuations are virtually eliminated by the thermal shielding of the cast bronze case. A remote-controlled 
sample carrier is fitted to enable the positioning of radioactive samples on the balance pan. This carrier has 
forceps on the end, which are opened and closed by a rod moving inwards and outwards in a slot, the rod being 
operated by the rotation of a knob outside the balance housing. An optical system, consisting of lenses, prisms, 
mirrors and ground-glass viewing screen, is incorporated for the observation of the displacement of the 124 p 
beam index-fibre. The eye-piece resolves the alignment of the fibre to within two seconds of beam rotation, 
and simultaneously views the setting of a vernier dial and the index-fibre displayement. The particular in- 
strument described has a beam torsion constant of 0.20 to 0.25 wg. per scale division, and a sensitivity of 
1.33 x 10-*ug. per scale division, one scale division being 1/20,000 of a revolution of the torsion dial. 


Sommaire: Des détails sont donnés d’une micro-balance a vide, a fibre de quartz, du type de Kirk-Craig améliorée. 


The Magnetically Suspended Equilibrium Ultracentrifuge 
United States. A vacuum-type ultracentrifuge is described which is under development for use in molecular 
weight determinations by the equilibrium method. This method requires several days or weeks of continuous cen- 
trifuging. The rotor of the machine, after running up to speed, coasts freely at 300 r.p.s. in a vacuum of 1076 
mm. Hg, and loses speed at the rate of about 1 r.p.s. in 3 days. The rotor has a diameter of about 19 cm. and 
weighs 13.5 kg.; it is suspended in the 23 cm. i.d. 22 cm. high brass vacuum chamber by the field of a soft 
iron core 30 cm. long by 2.4 cm. diam. which hangs by a piece of piano wire inside a solenoid having 36,000 
turns and passing a current of 300 mA. The core is vertically above the rotor, separated from it by the brass 
top-plate of the vacuum chamber, and its lower end is immersed in an oil dashpot, so that any horizontal 
movement of the rotor, followed by the core, is damped by the dashpot. Vertical positioning of the rotor is 
secured by a servo-system controlling the solenoid current, the error signal being obtained from the reaction of a 
pick-up coil mounted in the chamber, immediately below the rotor, and forming the grid coil of a tuned anode— 
tuned grid oscillator (3 Mc./sec). The amplitude of oscillation depends on the resistance coupled into the tuned 
circuit from the rotor; the oscillator output is rectified and both error and derivative signals are obtained to 
control the power valves supplying current to the solenoid. When the rotor was running at 300 r.p.s., no per- 
ceptible vertical or horizontal movement could be detected with x 100 magnification. The rotor is accelerated 
by a small air turbine, which drives a 0.25 cm. flexible steel shaft through a vacuum-tight seal in the base of the 
vacuum chamber. When operating speed is reached, this shaft is withdrawn from its engagement with a slot 
in the rotor. The chamber temperature can be maintained constant to within 0.03°. The vacuum is produced 
by a diffusion pump unit. The rotor has four 2.4 cm. holes, spaced 90° apart, parallel to the axis of rotation 
and at a distance of 6.5 cm. from it. These holes carry the centrifuging cell (of the double-sector type), a slit 
for chopping the light beam and two balancing cells. The centrifuging cell contains the solution in one sector 
and the solvent in the other. Two (one upper and one lower) sets of windows in the chamber enable light to be 
directed to the cell, and the slit in the other hole chops the light beam as the rotor turns; this chopped beam 
provides the input to an interferometer system and is also ‘viewed’ by a photomultiplier tube, the output of 
which is compared with a standard frequency signal to give the rotor speed. The interferometer is of the 
Mach-Zehnder type and the method has been described in detail by Beams, et al. (Rev. Sci. Instrum., 25, 1954, 
295). After beam-splitting, one beam passes through the solvent in one part of the cell, and the other beam 
through the solution in the other part. In order to obtain light fringes for reference, a stationary, second, 
double-sector cell is inserted in the optical system, charged as the centrifugal cell, so that the beam passing 
through the solution in the latter, passes through the solvent in the stationary cell and vice versa. White-light 
fringes can be obtained by using a tungsten bulb as light source. When the rotor spins, a radial concentration- 
gradient of the solute is set up and causes a refractive index-gradient in the cell containing solution. A shift 
of the fringe pattern is observed, which reaches a steady condition at equilibrium. Photographs show the 
fringes obtained with human albumin after equilibrium has been reached (after about 32 hr.). The measure- 
ment of the fringe shift is the limiting factor in the accuracy, but three significant figures in the value of the 
molecular weight are claimed for substances of a molecular weight over 100. 

Sommaire: Description d’une ultra-centrifugeur pour la détermination des poids moléculaires par la méthode 
d’équilibre; le rotor est magnétiquement suspendu sous vide. 


Developments in Apparatus for Deep X-Ray Therapy 
See Abstract No.: 149/I 


Apparatus for X-Ray Diffraction Studies of Metals Under Controlled Stress at Elevated Temperature 


United States. X-ray diffraction equipment, fitted with Geiger-counter detectors instead of photographic 
film, facilitates the continuous observation of phase changes, etc., in metal specimens subject to high tempera- 
tures. The plant described in the present article is constructed on similar lines, and in addition, facilitates the 
application of a known tensile stress to the specimen while at high temperature and while its x-ray pattern is 
observed. The specimens had the shape of a flat strip 0.012 inch thick, ~ inch wide and 3} inch long. They 
were held in miniature tensile jaws and notched in two places. Curved and straight notches were used. Heating 
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of the specimen was effected by connecting the specimen to copper bus-bars carrying the electrical supply and 
this required insulation of the grids from the jaws to prevent earthing the specimen. In order to obviate 
oxidation of the specimen surface and heat loss by gaseous conduction, the experiments had to be carried out 
in an evacuated chamber. The latter, made from stainless steel, was cylindrical in shape, 13 inch. high and 
7 inch. in diameter. Special cooling of the chamber walls was unnecessary. In order to meet the spectro- 
meter focusing-circle requirements, the Geiger-counter arm turns through double the Bragg angle while the 
specimen turns through the Bragg angle. The specimen chamber was designed to be rotated through an angle 
up to 80° past the fixed x-ray tube with the specimen remaining in a fixed position inside. A beryllium window 
extended half way round the circumference of the chamber. The specimen could be heated to a temperature 
of 1,600°F in less than 1 minute, and could be cooled to 300°F in about 4 seconds by passing a stream of nitrogen 
gas over it. It was placed in the chamber in a vertical position, and the tensile stress was applied by means of a 
chain pulling the upper jaw of the specimen assembly. The chain was attached to a horizontal shaft which 
was turned va a gear train by a crank outside, operating through a vacuum bellows. The system was calibrated 
so that a given applied load represented a known tensile force. The x-ray tube was a standard Machlett A-2 
diffraction tube. The x-ray beam was made to strike only the centre portion of the notched specimen. The 
target varied with the type of material investigated. When a copper or iron target was used, a bromine-argon 
filled Geiger tube was employed, and in the case of a molybdenum target, a bromine-krypton counter was used. 
The article concludes with a brief description of the uses of the instrument in studies of the standard Navy STS 
armour in the bainite range from 900° to 600°F with no stress applied. In another study, where stress was 
applied at constant temperature in the martensite region, it was found that more austenite was transformed to 
martensite than would be expected at that temperature without stress. 


Sommaire: Un compteur de Geiger spectrométre a rayons x fut construit pour l’étude dynamique des change- 
ments de phase et autres phénoménes, dans les métaux soumis a des efforts controlés, 4 températures élevés. 


Electron Diffraction Equipments 

Germany. Four electron diffraction equipments are described, developed according to the principles described 
previously by van Ments (Proceedings of the Conference on Electron Microscopy, Delft, 1949, 35-37). Mag- 
netic lenses are used in such a way that the variations in accelerating voltage and lens current have only a 
small effect on the diffraction pattern, thus enabling a simplification of the electrical supplies to be made. 
A further development has been to incorporate in the diffraction camera an auxiliary filament. This serves 


as an h.t. rectifier, enabling considerable economies to be made in the h.t. supply unit. 
(Science Abstracts) 


Sommaire: On donne des détails sur quatre caméras a diffraction d’électron décrites auparavant par Van Ments a 
Delft en 1949, durant les conférences sur la microscopie électronique. 


Thermionic Emission Microscopy of Metals I. General 


United States. A study of the structure of electron-emitting surfaces will give an indication of the structure of the 
underlying metals as the thermionic properties of the latter will show in the emission imagesas long as the activated 
surface film, barium oxide in this case, is not thicker than 100A. Details are given of a thermionic microscope 
specially constructed to facilitate such investigations and some of the results obtained by using this instrument 
are described. It is entirely electrostatic and resembles closely that proposed by Mechlenberg. With the objective 
lens alone a magnification of x 250 is obtained, and if a projection lens as described by Mahl is provided, magni- 
fications up to x 4,000 can be obtained. The accelerating voltage ranges from 10 to 25 kV and is obtained from an 
unregulated r.f. supply. The theoretical resolution is approximately 200A but experiment has shown that a useful 
resolution of about 900A can be obtained in practice. The specimen is used as the cathode after having been suit- 
ably activated. The cathode is heated indirectly by a tungsten heater, the whole cathode assembly being readily 
demountable to facilitate the changing of the specimen. The temperature range covered by the reported experi- 
ments was 600° to 1,000°C, in which range it is necessary to activate the surface to obtain useful emission 
intensities. Applying an electro-positive metal such as barium to the surface results in an adsorbed layer 
producing an outwardly directed positive dipole moment with the attendant result of reducing the work 
function. The adsorbed monolayer is considered to be mobile and the density of the adsorbed atoms is believed 
to vary greatly from one crystal face to another and from one phase to another of the metal surface. This 
condition is confirmed by means of micrographs shown in the article. Thus the crystal structure of the under- 
lying metal becomes a conspicuous characteristic of the emission image. For instance, pure metals after a 
vacuum heat-treatment at nearly 1,000°C show smooth crystal surfaces, whereas alloys show a ‘hill and valley’ 
effect which is more pronounced in some crystal orientations than in others. Another effect illustrated in 
reproduced micrographs is that of ‘ghost’ grain boundaries, observed when the metal is heated in vacuum. 
This is attributed to surface tension producing cusped grain boundaries which will persist for a period even 
during subsequent re-crystallisation or transformation. The author proceeds to discuss the chemistry of 
activation with particular reference to barium. Activating films need not necessarily be applied by evaporation. 
A detailed procedure is given for applying the activator in the form of barium formate in a solution of 3 parts 
formic acid and 1 part isopropyl alcohol. A layer of almost ten atoms of barium can be deposited on the surface 
after the decomposition and reduction of the barium formate. This process requires the presence of a reducing 
agent, the most effective material for this purpose being carbon. The barium formate procedure has been applied to 
a number of metal surfaces with results shown in a table reproduced on the next page. The oxides of the metals in 
the right-hand column can be reduced only at temperatures above 1,000°C and it is suggested that these metals 
be activated by evaporation in vacuum. The effect of impurities in the base metal on the emission has also 
been investigated. The author comes to the conclusion that thermionic emission microscopy is particularly 
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Emission from Base Metals Below 1,000°C. (barium formate activator) 


Poor 


Good 


Tron T:tanium 


Nickel Silicon 
Copper Zirconium 
Chromium Tungsten 
Cobalt Tantalum 
Molybdenum 


suitable for, (1) grain size and grain growth studies at various temperatures, (2) studies of high temperature Article by ee 
transformations and (8) studies of precipitation and segregation in high-temperature alloys. See Abstract R. D. e 
No. 65/II. Heidenreich 
J. Appl. Phys. of 
Sommaire: Description d’un microscope electrostatique d’émission opérant avec une tension d’accélération de 26, June 1955 
757-765 


10 a 25 kV. 


Work Function of Tungsten Single Crystal Planes Measured by the Field Emission Microscope 60/11 
United States. The use of a field emission microscope and probe collector is described, for the determination 
of work functions of the low-emitting crystallographic planes of tungsten, such as the (011) and (112) planes. 
The value of the average effective work function of a polycrystalline tungsten surface is known to be 4.54-L0.02V, 
and good agreement between various workers has been obtained previously for the work function of individual 
strongly-emitting planes. Earlier experiments have, however, given widely different values for the work 
functions of the low-emitting planes, such as the above-named. The field emission tube described used a pointed 
tungsten cathode and an anode assembly with a probe hole which allowed a narrow beam of electrons to pass 
through to the collector. The collector current could be measured by means of an electrometer amplifier. Since 
currents as small as 10715A had to be detected, the usual precautions to avoid leakage, etc., were taken. In 
one form of the apparatus, the anode assembly was moveable; in another the tungsten tips could be rotated to 
permit measurement of the emission from different crystallographic planes of the tungsten. The method 
required the determination of the field strength at the cathode and the emission-current density from each 
plane. These cannot yet be determined with sufficient accuracy but, since the work functions of the strongly- 
emitting planes are already known, the method allows relative determinations with all other planes to be made 
by the conversion of the measured voltage and currents into field strength and current density by means of 
successive approximation. The calculation of the work function is based on the Fowler-Nordheim theory of field 
emission. This theory, based on wave mechanics, leads to the conclusion that a plot of log //F* against 1/F, 
where J is the emission current density associated with a particular crystallographic plane, and F is the field 
strength at the cathode, will be a straight line, from the gradient of which 2 can be calculated, 9 being the 
appropriate work function. The values of the work functions of the various planes determined by this method 
are given in a table reproduced below. The value for the (011) plane is considerably greater than that previously 


Plane ? field emission 
(116) 4.30 
(013) 4.31 

(012) 4.34 
(122) 4.35 
(111) 4.39 
(233) 4.46 
(123) 4.52 
(112) 4.65 to 4.88 
(O11) 5.70 to 5 


quoted. The precise value for both the (011) and (112) planes appears to depend on the temperature at which 
the tungsten was annealed. Article by 
Sommaire: On a appliqué une méthode combinant le microscope a champ d’émission avec une sonde collecteur J. Appl. Phys. 
afin d’obtenir des données sur le travail de sortie de plaques crystallographiques de tungsténe a basse émission 26, June 1955 
732-737 


(011) et (122). 


The Electron Microscope and Some of Its Industrial Applications 61/II 


United Kingdom. The resolving power of a microscope is a function of the wavelength of the light employed. 
In the case of the optical microscope the lowest wavelength available is 2,000A, the shortest in the visible 
spectrum. In the electron microscope electrons accelerated at 100 kV have a wavelength of 0.04A (1A = 4x 1079 
inch), The difference in resolving power of the two instruments when the same magnification is employed is 
shown in illustrations. The working principle of the electron microscope is discussed. An electron beam is 
passed through a condenser lens which concentrates the beam on the specimen under examination. The electrons 
penetrate the specimen to a larger or smaller extent thus producing a shadow picture transmitted to the objective 
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stage. By inserting a projection stage between the objective stage and the end of the microscope tube fitted 
with a fluorescent screen or photographic plate, part of the beam passing through the objective stage is magnified. 
Several commercially available electron microscopes are described in detail, principally those manufactured by 
Metropolitan Vickers and Philips. Magnifications up to x 250,000 are available in some of the instruments. 
The techniques employed for specimen preparation are described and special reference is made to the carbon 
replica technique developed by Bradley (see Volume IV, Abstract No. 148/II). The author quotes a number 
of typical industrial research applications. The Mechanical Engineering Research Laboratory employs 
electron microscopes for the investigation of heavy-duty oils, such as are employed in commercial-vehicle 
diesel engines, which contain many different additives and vary in viscosity. The aim of the investigation is to 
obtain a better understanding of ‘ring sticking’ in diesel engines. The electron microscope is employed for the 
study of lubricating greases, as employed in ball bearings for instance. The greases consist of a lubricating oil 
and a thickening agent such as a soap. The main purpose of the thickening agent is to retain the oil in place 
between the walls but the lubricating power of the thickening agent is of little importance. The (calcium) soap 
is present in the grease in the form of fine fibres producing a network, the mechanical strength of which is signi- 
ficant for its oil retaining properties. The shape and absolute dimensions of these fibres are therefore of con- 
siderable importance, but their sizes are too small to be detected by light microscopic methods. The article 
concludes with remarks on reflection microscopy and a discussion of the more recently developed electron 
emission microscope. The information given on the latter instrument is similar to that given in Abstract 
No. 59/IT. 

Sommaire: Une revue de l’emploi des microscopes électroniques, des différents problémes de leur construction 
et de la préparation des specimens. 


The EM 75 kV, An Electron Microscope of Simplified Construction 


Holland. A detailed description is given of the construction of the EM 75 kV electron microscope which repre- 
sents a comparatively simple and cheap instrument. Its resolving power is at least 100A and its magnification 
range is from 11,000 down to x 1,200. One of the special features of the instrument is its objective lens which 
is designed to have a focal length of 0.8 mm. The design factors governing magnetic electron lens construction 
are discussed in great detail. Fluctuations of the accelerating voltage and of the current energising the coil 
result in ‘chromatic’ blur appearing on the screen or photographic plate. It is shown that the shorter the focal 
length of the objective stage the larger are the fluctuations of voltage and current which can be permitted for a 
given chromatic error. The latter determines the resolving power and as this has been set at 100A in the 
particular instrument the minimum focal length in the instrument has been determined at 0.8 mm. Under the 
conditions prevailing in the instrument, i.e. V = 75 kV, the angular aperture was 3 x 1073 radians. The maximum 
permissible relative voltage fluctuations during exposure of the photographic plate are 1.5 x 1073, and maximum 
relative fluctuations are 0.75 x 1073. This can be easily attained with a simple magnetic stabiliser consisting of a 
transformer with saturated core. Electronic stabilisation is unnecessary. Other limiting factors are the properties 
of the steel used for the pole pieces and the relation between the gap width and the bore diameter. The gap width 
in the present case is 2 mm., slightly larger than the minimum requirements, in order to allow room for the 
insertion of the specimen and objective aperture. The bore is 0.5.mm. Another important feature of this 
instrument is the simplified vacuum equipment. A glass oil diffusion pump of a diameter of 5 cm. is used and 
the heater of the pump consists of a thick spiral of chrome—nickel wire which is directly immersed in the 
oil. The heater input is 60 W. As the walls of the pump remain cool no water cooling is required. The small 
heater wattage employed has the additional advantage that, during the exchange of film or filament for 
instance, the diffusion pump may be shut off and need not be isolated. Pumping through the oil diffusion pump 
by the rotary pump is facilitated by the rapid cooling of the oil in the pump. 


Sommaire: Une description détaillée des petits microscopes electroniques EM 75 kV produits par Philips. 


A Refraction Electron Microscope 


United Kingdom. Details are given of an electron microscope specially designed to facilitate the examination 
of the surface of metallurgical specimens, cylindrical in shape and 9 x 9 mm. in dimension. <A reflection micro- 
scope, as distinct from a transmission microscope designed for the purpose, must fulfil the following requirements: 
It must be possible to incline the axis of the illuminating system at an angle of several degrees to the axis 
of the objective lens. The object stage must have more degrees of freedom than that of the transmission 
microscope. The pole pieces of the objective lens must be designed to give a long working distance to allow the 
specimen to be placed clear of the top surface. The resolving power is therefore limited to only 400A. An 
objective aperture, normally provided to improve image contrast, is essential in a reflection microscope. In 
addition, in the particular case, it was desirable to study pre-selected specimen regions by electron diffraction 
and to arrange for a continuous scale of magnification down to x 500. The instrument has a conventional 
electron gun operating at 30-90 kV mounted together with the condenser lens on a tilt-and-traverse mechanism 
allowing a maximum tilt of 10°. The gun and condenser assembly can be sealed off from the object chamber 
and the rest of the instrument, by a vacuum valve. Three imaging lenses are employed permitting in theory a 
magnification up to 10,000, but, in view of the arrangements necessary to minimise chromatic aberration, 
useful direct magnification is restricted to about » 3,000. Theoretical optimum resolution is obtained at an 
angle of the illuminating beam of 3 x 10-4 rad. Four apertures define the electron beam. A condenser aperture 
of 2 mm. limits the semi-angle of the illuminating beam to 5x 10 rad. Two different types of objective 
apertures have been employed. An aperture of 100 y placed in front of the intermediate imaging lens, in the case 
of electron diffraction studies, corresponds to a 5 u region of the specimen. A group of three apertures of 1.5 
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mm. diam. is placed in the projector pole-piece in order to improve image contrast. Details of the specimen 
stage, incorporating a mechanism for transverse and rotational movement, are given. The camera takes a film 
or three 9 x 6 cm. plates at a time. An airlock permits exchange of plates without breaking the vacuum. The 
vacuum system consists of a mercury diffusion pump unit, a manifold and a Pirani gauge. The three imaging 
lenses are supplied from a 24V accumulator bank drawing a total maximum current of 1A. The condenser 
lens is supplied separately from three 2V accumulators. Micrographs of ferrous and non-ferrous metals obtained 
in the instrument are shown in illustrations. 

Sommaire: Description de la construction d’un appareil spécialement fabriqué pour éxaminer des spécimens 
métallurgiques par microscopie électronique a reflection. 


Identification of Materials by Electron Diffraction in the Electron Microscope 


United Kingdom. The authors refer to the frequent use of the electron microscope as an electron diffraction 
instrument for the identification of materials. In order to make such identification foolproof it is important 
to have good knowledge of the impurities which may be present and interfere with the determinations. After 
discussion of all impurities known up-to-date the authors add an additional source of impurity encountered by 
themselves and apparently not mentioned previously in the literature. The specimen holder in the instrument 
employed by the authors was of stainless steel and a brass cap was used in conjunction with it. It was found 
that in many instances rings were superimposed on the pattern of the specimen material which indicated the 
presence of zinc by corresponding to a close-packed hexagonal structure with basal axis a = 2.66A and c/a = 
1.86. The presence of zinc oxide and lead was also detected. The former appears to be formed after protracted 
exposure to the electron beam, and lead was found to be contained in the brass caps employed at about 1—2%. 
Specimens deposited on the substrate by condensation, crystallisation from solution or absorption normally 
show pronounced orientation with a densely populated net plane parailel to the substrate. Thus the patterns 
obtained with a beam at normal incidence may vary appreciably from those from the random crystals. It is 
advisable therefore to modify the specimen holder to facilitate inclination of the specimen to at least 15° but 
preferably to 45°. Advice is given on how to identify specimens if orientation is absent. In certain conditions, 
the American Society for Testing Materials file of x-ray diffraction powder photograph data may be consulted 
as long as allowance is made for the fact that appreciable intensity differences may occur due to the different 
relative structure factors in x-ray and electron diffraction. The estimation of lattice dimensions is greatly 
assisted by adding a trace of very fine graphite powder to the specimen by forming a thin layer of Aquadag 
colloidal graphite on the substrate initially. Alkali halides may be used as sub-standards. 

Sommaire: La connaissance de la contamination de specimens introduits dans un microscope électronique, et 
le moyen de l’éviter sont discutés. 


Electron-Optical Methods in Constitutional Metallurgy 

United Kingdom. The various forms of electron microscope available at present are discussed with particular 
reference to their uses in metallurgical investigations. While the resolving power of the instrument need not 
be particularly high in metallurgy, the transmission microscope, the most widely used type, is only of limited 
use because it can only be employed in the case of specimens having a thickness of less than 1,000A. Replication 
techniques have to be resorted to which reduce the resolving power due to the structure of the replicating 
material, and prevent continuous observations and, normally, examination at high temperatures. There are 
other types of microscope which permit direct study of the specimen. In the emission microscope the image is 
formed by electrons emitted from the specimen which acts as the cathode in the system. There is a field emission 
and a thermionic emission microscope. The former has a resolution of 10-20A and a magnification of up to 
x 1,000,000. But its use is restricted to metals which lend themselves to being formed into a very small point, 
and which can be cleaned, without evaporation, by raising them to elevated temperatures. The thermionic 
emission microscope with a resolving power of 400A (see also Abstract No. 59/II) is particularly suitable for 
studying grain growth and phase changes at high temperatures. Secondary emission microscopes make it 
unnecessary to heat the specimen. In one version, secondary electron current obtained by scanning the specimen 
with an electron ‘spot’ is amplified and employed to modulate a beam on the screen of a cathode-ray tube. 
With the primary electron beam incident normally, the picture on the cathode ray tube is determined by the 
micro-geometry of the surface and the atomic number of the material. By applying the beam at an angle of 
25°, and etching the surface investigated, contrast is obtained from shadows cast by surface asperities. Resolving 
power is 500A. The instrument facilitates continuous observation during experiments conducted with the 
specimen under test. In another version, positive ion bombardment is employed (40 kV, angle of the beam 
30°) to obtain the electrons, which are accelerated by special electron-optical means. The operating principle 
of normal reflection microscopes is described. In conclusion, the author mentions two instruments not strictly 
of the electron microscope type but coming into the category of electron-optical methods: the x-ray shadow 
microscope and the electron beam microanalyser. The former provides a microradiograph of the specimen, 
indicating its different chemical components (see Vol. II Abstract No. 138/II). The latter uses the characteristic 
x-rays emitted by a specimen in response to electron bombardment, to determine the relative quantities of 
the various elements present. 

Sommaire: Un apercu des différentes techniques d’optique électronique disponibles, pour les mesures en 
métallurgie constitutionnelles. 
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On the Temperature Rise of the Object in an Electron Beam (in the Problem of the Hardening Process in Thin 
Films) 
Germany. Electron-diffraction investigation of the hardening of aluminium-silver in the form of thin layers 
(Science Abstracts 3905 (1954), 3191 (1955)) showed more rapid hardening than was found by x-ray diffraction 
from the bulk material. A possible cause was the rise of temperature of the specimen in the electron beam in the 
diffraction apparatus. A theoretical investigation is now made of the temperature rise to be expected: (a) 
in the thin metal layer alone, in radiation equilibrium and neglecting thermal conductivity; (b) in the sup- 
porting metal mesh, taking both radiation and conductivity into account. For the very low electron loading 
(1.45 x 10-4 A. cm.~?) and large electron spot (3 mm. dia.) employed, it is calculated that the maximum tem- 
perature to be expected in a layer 600A thick is 31°C and in the supporting grid 27°C. The heating effect of the 
electron beam therefore cannot be the cause of the discrepancy between x-ray and electron diffraction results. 
(Science Abstracts) 
Sommaire: Le durcissement, observé dans les couches minces d’aluminium et d’argent, exposées au rayon 
électronique d’une caméra a diffraction d’electron, a conduit a.des recherches sur l’augmentation de température 
des spécimens ainsi exposés. 


Electron-Microscope Investigations on Broken Faces of Opaque Glass 
See Abstract No.: 92/II 


Replica Studies of Bulk Clays 


United States. Previous investigations, in the electron microscope, of clay minerals, gave good indications of the 
characteristic morphology of the individual materials, but were, almost exclusively, restricted to clay particles 
obtained by grinding or dispersing the bulk material. In connection with the potential uses of endellite forms 
of clay as catalysts in the petroleum industry, additional information on the size, shape and orientation of 
endellite in the bulk form was required. This initiated the present investigation, essentially concerned with the 
development of a suitable specimen preparation technique. Two varieties of clay were investigated: Clay A 
was of low porosity and fractures gave a relatively hard smooth surface, clay B was soft and of high porosity. 
The replicas of clay A were taken from fresh fractures and those of clay B from surfaces cut with a knife or 
from polished etched sections. Both materials were dried prior to application. Three replica techniques have 
been employed: (1) A collodion replica was prepared backed by a Formvar coating and stripped off the surface 
by means of adhesive tape. The composite layer was shadowed and the adhesive tape removed by dissolving the 
Formvar. Difficulties were experienced with clay particles sticking to the collodion replica, which could not be 
removed by acid treatment without altering the surface of the collodion replica. (2) Improved results were 
obtained by forming a negative replica from a lacquer of Duco cement in acetone, which was not attacked by 
the acid. After stripping the replica from the surface and acid treatment, the replica was shadowed with platinum 
and a silicon dioxide film evaporated on top. The combined film was then removed with acetone. This method 
may be useful for obtaining information on comparative porosities but is not satisfactory for the study of surface 
structure. (3) Pre-shadowed replicas were prepared in two alternative ways. In both methods platinum was 
used for the pre-shadowing of the clay section and deposited to a thickness of 8-10A. In the first method the 
platinum layer was backed by a 1% solution of Parlodion in amy] acetate, but the presence of the Parlodion 
was found to promote sticking of clay particles to the replica. In the second method carbon was deposited 
on the platinum film; the composite layer was embedded in heat-softened polystyrene and the assembly was 
immersed in water. Any clay particles still sticking to the replica after this treatment were removed in sub- 
sequent hydrofluoric acid treatment. Finally the polystyrene was removed by dissolving it in ethylene dichloride. 
This last method was found to give a clean replica, more stable under the electron beam and giving a higher 
contrast than previous methods. Micrographs of replicas obtained by these various methods show the surface 
of highly porous endellite clay to consist of tubes in various orientations. 


Sommaire: Différentes méthodes de préparation de specimens, pour microscopie électronique de cassures 
d’argile grossier, ont été étudiées; les répliques pré-ombrées recouvertes de films de carbone sont les plus 
pratiques. 


Electron Micrographs from Thick Oxide Layers on Aluminium 


United Kingdom. Electron optical examination of oxide layers on aluminium has, in the past, been limited to 
those transparent to the electron beam. Development work on the Torry capacity-resistance hygrometer indi- 
cated that a more detailed knowledge of the pore structure of such layers would be of assistance. The carbon 
evaporation technique introduced by Bradley promised higher resolution than had previously been achieved 
with surface replicas and was used to replicate the upper and lower oxide surface and also that of a cross- 
section of anodised aluminium. 99.99° pure aluminium strip was anodised at 40°C in 5% chromic acid, the 
anodising voltage reaching 90V after 100 min. A Formvar replica was formed of the outer surface and backed 
with nitrocellulose. The composite film was dry stripped, using scotch tape, and mounted in the vacuum 
evaporator. A carbon film was evaporated onto the exposed Formvar surface followed by shadowing with a 
gold-paliadium alloy at an angle of about 20°. The shadowed replica was then mounted on a specimen grid 
and the plastic dissolved away. The resulting micrograph (x 25,000) shows how the plastic has penetrated 
some way into the oxide pores. A second strip of pure aluminium was anodised in 17.5% v/v sulphuric acid at 
room temperature for 60 min. at a controlled current density of 50 mA/sq. cm. The strip was then mounted 
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edge-on in Araldite casting resin D, and polished with emery paper and magnesia. A replica of the cross-section 
of the oxide thus revealed was made as before and shadowed. The micrograph (x 10,000) shows a region of the 
oxide near the metal—oxide interface revealing well defined tubular-shaped pores, normal to this interface. 

Sommaire: On a employé les techniques de la réplique en carbone avec le microscope électronique pour les 
recherches sur la structure des oxydes formés sur |’aluminium par électrolyse. 


The Application of Cathodic Vacuum Etching to Electron Metallography 
See Abstract No.: 71/III 


3 Keys to Clear Solution 
See Abstract No.: 160/I 


Molecular Arrangement in Crystals of the Southern Bean Mosaic Virus Protein 
United States. It has been reported previously that ‘pseudo-replicas’, prepared from macromolecular crystals, 
revealed, on examination in the electron microscope, the ordered particle arrangement on the surface. The 
‘pseudo-replicas’ were prepared by metal shadowing the dried crystals supported by a glass plate, coating the 
metal film with collodion, removing the compound from the glass plate and dissolving away the crystals. This 
preparation technique was found to be limited in its uses due to the fragility of the collodion film and the require- 
ment that the proteins must not be affected (denatured) by the drying and evaporation process. In the mean- 
time, the carbon replica technique has been developed. The authors applied this technique to the replication of 
crystalline proteins and found that carbon films permit a wider range of proteins to be investigated. Other 
advantages are the chemical inertness and the possibility afforded by this type of film of employing a greater 
variety of purifying procedures. Two illustrations of micrographs of southern bean mosaic virus crystals, 
replicated by the new technique, are shown, giving a better definition and permitting a more conclusive deduc- 
tion of the molecular arrangement within the crystal than obtainable by the previous technique. In this particular 
case, cubic close packing of essentially spherical molecular particles of 230A diameter is indicated, the edge- 
length of the unit cube containing four molecules being about 325A. 

Sommaire: Une note bréve sur les résultats améliorés, de l’arrangement de surface des particules de protéines 
crystallines, obtenus avec des répliques de carbone. 


Method for Recovery of Metallic Grids for Electron Microscopy 

Brazil. Metallic grids employed as supports for specimens on Parlodion films in electron microscopy are 
normally discarded after use. The following cleaning technique is proposed to facilitate repeated use of the 
grid. As a first step, soluble salts on the grids are dissolved by washing with hot distilled water. Traces of 
diffusion pump oil are removed by boiling the grids in a 0.1% soap solution for 1 hour, leaving the grid in the 
solution for a day at room temperature. After a further washing in hot distilled water and acetone, any corrosion 
products present are removed by treatment in 1N hydrochloric acid solution at 30—40°C for about 20 min. 
After washing off all traces of the acid the grid is dried at 120°C and ready for use again. The method described 
is claimed to have certain advantages over that proposed by Eaves (Naturve, 169, 1952, 975), e.g. it can be safely 
applied to copper grids. 

Sommaire: Description d’une méthode facilitant l’emploi répété en microscopie électronique de grilles métalliques 
avec des specimens supportés par des films de Parlodion. 


26 — MATERIALS — 26 


Production of Enriched Non-Radioactive Isotopes at Oak Ridge National Laboratory 


United States. Four of the large mass spectrographs at Oak Ridge, arranged as pairs in two separate magnetic 
fields, are employed for general isotope separation, 7.e. to increase the fractions of naturally occurring isotopes 
in certain elements, the masses of which range from lithium to uranium. Each separator (known as a calutron) 
consists of an ion source and a number of isotope collector pockets in an evacuated chamber situated between 
the poles of an electromagnet. The magnet poles are 12 inch. apart in one case and 24 inch. apart in the other. 
The field is variable up to at least 10,000 gauss, and the operating pressure is 10° mm. Hg. To separate the 
isotopes of a given element, the charge of the element is vaporised and fed into the graphite ionisation chamber. 
Electrons of a few hundred volts energy, from a tungsten or tantalum filament, are directed through a collimating 
slot into the ion chamber where positive ions are produced by collision. The ions, initially accelerated by a 
35 kV field, cross the magnetic field, resulting in further acceleration and redirection of the ions into a circular 
path varying in radius from 6 to 48 inch. After completing a half circle, the ions are separated and directed into 
isotope collector pockets at earth potential. Vaporising temperatures range from 100° to 2,500°C. The percen- 
tage of the vaporised material collected in the pockets varies from low values up to 50%. Graphite collectors are 
preferable for isotopes of low vapour pressure and water-cooled copper collectors for isotopes of high vapour 
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pressure. Special arrangements have to be made to ensure highest purity of the charge materials used. The 
ion currents registered at the pockets give an indication of the production rate. 100 mA, representing the ions 
of all the isotopes of a particular element, is not unusual. According to theory, 1 A hr. of single charge elemental 
ion deposits 0.0373 g. atom of that element in the collector. Thus in the case of lithium, 100 mA ion current is 
equivalent to 26 mg./hr. of separated lithium isotopes (masses 6 and 7) or, in the case of lead, equivalent to 
772 mg./hr. of lead isotopes (masses 204, 206, 207, 208), distributed in the pockets according to their natural 
isotopic abundance. A list of the naturally occurring isotopes enriched at Oak Ridge is given as follows: 


Gadolinium 
Hafnium 
Tungsten 
Rhenium 
Iridium 
Platinum 
Mercury 
Thallium 
Lead 


Ruthenium 
Palladium 
Silver 
Cadmium 
Indium 

Tin 
Antimony 
Tellurium 
Barium 
Cerium 
Neodymium: 
Samarium 


Tron 

Nickel 
Copper 
Zine 
Gallium 
Germanium 
Selenium 
Bromine 
Rubidium 
Strontium 
Zirconium 
Molybdenuni 


Lithium 
Boron 
Carbon 
Magnesium 
Silicon 
Sulphur 
Chlorine 
Potassium 
Caletum 
Titanium 
Vanadium 
Chromium 


The article concludes with a discussion of special features encountered in the separation of lithium, potassium, 
iron, ruthenium and rare earth isotopes. 


Sommaire: On donne des détails d’opérations faites 4 Oak Ridge sur la séparation des isotopes. 


A Differential Lead Detector for Evacuated Vessels 
See Abstract No.: 124/II 


New Absolute Manometer for Vapour Pressures in the Micron Range 
See Abstract No.: 31/II 


Heat Transfer in the Condensation of Metal Vapours: Mercury and Sodium up to Atmospheric Pressure 
See Abstract No.: 109/I 


The Vapour Pressure of Mercury at 250-360° 


United States. Research into the thermodynamic properties of rare earth-metal solutions required the deter- 
mination of the vapour pressure of mercury at temperatures in the range of 250° to 360°C. An isoteniscope of a 
novel design was constructed for the purpose from Pyrex glass. The vessel containing the mercury was closed 
at the top by a 0.2 mm.-thick glass diaphragm. The pressure above the diaphragm, i.e. in the isoteniscope 
jacket, was regulated by means of a relay circuit which operated solenoid valves. This circuit was actuated by a 
pair of make-and-break platinum contacts on the diaphragm, and held the pressure to within 5 mm. of the 
pressure inside the vessel containing the mercury. By careful manual adjustment of the pressure above the 
diaphragm the break point could be accurately determined and the external pressure prevailing at this condition 
was measured with a manometer and cathetometer to -+-0.05 mm. Hg accuracy. The initial charge of purified 
mercury for a run was 80 g. It was introduced into the isoteniscope system under vacuum and was degassed at a 
pressure of 5 x 10°° mm. Hg. During this process nearly half of the mercury was distilled out of the system. The 
isoteniscope was immersed in a thermostatically controlled bath of molten salt, the temperature of which was 
maintained constant to +0.005°C at any desired value in the range of 225°-400°C during a run and for a period 
of 10 min. prior to each run. The results obtained are compared with those obtained by other workers in a table 
partly reproduced below. The vapour pressure data of the present investigation fit the equation 


logy P = 10.59901-3335.027/0-0.865372 logy, 0 
in which @ = 273.160-+2, with ¢ in °C. 


t 
°C. 


74.49 
157.23 
247.41 
377.28 
559.25 


74.50 
157.23 
247.41 
377.27 
559.22 


250 74.41 
280 157.17 
300 247.41 
320 377.32 
340 559.30 


results obtained by the authors 

results obtained by Smith & Menzies 

results obtained by Douglas, Ball & Ginnings 
results obtained by Epstein & Powers 


Sommaire: La tension de vapeur du mercure fut mesurée avec un isoteniscope d’un nouveau modéle entre 250 
et 360°C. 
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Technology and Application of Mercury in Vacuum Technique 
Physical and chemical properties of 
mercury, the safety measures to be adopted in working with mercury and its application in high-vacuum and 
electronic devices are reviewed. Various data relating to mercury are reported in 5 tables: (1) the purification 
procedure; (2) physical constants; (3) vapour pressure and evaporation velocity as a function of temperature; 
(4) viscosity as a function of temperature, and (5) chemical properties. The paper contains 48 references. 


(Science Abstracts) 
Sommaire: Discussion de la méthode de production du mercure et les procédés employés dans sa purification. 


Hysteresis of the Angle of Contact of Mercury Against Steel 
See Abstract No.: 35/I 


Hydrogen in Cast Iron 
United Kingdom. The reproducibility of the vacuum fusion method for hydrogen determinations is claimed to 
be +1-0.7 p.p.m. (1 p.p.m. = 0.0001 wt. % = 1.1 ml. hydrogen per 100 g.). The total hydrogen content of 
cast iron is of the order of 1-5 p.p.m., so the vacuum fusion method is not sufficiently accurate. The alternative 
method is vacuum heating. This, it was claimed in the past, is only effective for cast iron if carried out at 
temperatures around 1,100°C. The present investigation was carried out to clarify some contradictory results 
obtained with this method, and to extend the observations to the behaviour of cast iron specimens at room 
temperature. The composition of the specimen tested in the present investigation is given in a table. The 
apparatus developed for the observation of specimens, } inch in diam. and | inch long, at room temperature 
consists of a flask ending at the top in a B.24 socket and having a B.14 cone fitted to a side arm. The only other 
major component consists of a measuring tube holding the sample, fitted with a B.24 cone to suit the above 
socket and ending at the top in a capillary tube made from Veridia constant-bore tubing. A plastic scale, 
graduated in millimetres, was attached to the latter by means of wires. A helical spring was employed to press 
the specimen against a constriction in the measuring tube. After insertion of the specimen and spring into the 
measuring tube, and after pouring some mercury into the flask, the measuring tube was connected to the flask 
and the whole aggregate positioned horizontally and evacuated by means of a mercury diffusion pump. After 
a few minutes, pumping was stopped and the apparatus rotated into a vertical position. Air is admitted to the 
flask, which causes the mercury to rise through the measuring tube to the top of the capillary. A capillary 
stopcock is then inserted in the line between the pump and the flask, the flask is re-evacuated and the stopcock 
is closed. In this condition the specimen is stored in complete vacuum, and by carefully admitting small amounts 
of air at suitable periods to the flask and measuring the length of the gas column on the millimetre scale along 
the capillary, hydrogen evolution in terms of p.p.m. can be determined. The minimum amount detectable in 
a 30 g. sample was 0.004 p.p.m. Observations lasting up to six months gave the following results: Con- 
siderable amounts of hydrogen were evolved from chill cast iron, 7.e. a cast iron substantially free from graphite. 
The actual quantities evolved vary with the composition of the specimen and the rate of cooling. The more 
rapid the latter, the more rapid the hydrogen evolution. No hydrogen was evolved from sand cast grey iron. 
Initially the amounts of hydrogen involved were small with respect to the total amount of gas evolved but after 
six months the hydrogen evolution was one third of the total gas evolution. Removal of the casting skin 
reduced the amount of hydrogen evolved. The amount of hydrogen evolved at room temperature is not neces- 


. sarily a true indication of the total hydrogen content. Similar details are given of experiments carried out in 


order to determine the evolution of hydrogen at elevated temperatures. The results of the latter experiments 
showed that the hydrogen evolution from white cast iron was virtually complete after two hours if heating 
was carried out at temperatures near the upper limit of the «-phase, (650°-750°C) or above 1,000°C, but was 
not complete if heated at temperatures below 650° and between 750° and 1,000°C. Hydrogen evolution from 
sand cast iron is not complete at temperatures up to 1,000°C, but, if the temperature is raised in steps 
to that value, evolution after each temperature rise is rapid in the initial stages, followed by protracted slow 
evolution which may not be noticeable on apparatus of low sensitivity. Increase of the surface-to-mass ratio 
of the specimen increased the rate of evolution. 

Sommaire: L’évolution de l’hydrogéne dans la fonte a été étudiée 4 la température ambiante et a la température 
de fusion. 


Transport of Gases and Vapours in Paper 
See Abstract No.: 17/IV 


Gas Adsorption by Wood, Pulp and Paper 
United States. The external specific surface area of pulp fibres is closely related to such properties as drainage 
behaviour and dye retention. In paper, the size of the exposed surface influences opacity, reflectance and 
porosity, whilst the size of the bonded area controls the strength of the sheet. Area characteristics of pulp and 
paper being of such importance, and considering that much of the work published in this respect dealt with wet 
surfaces, the authors investigated the merits of methods making use of the dry external specific surface of the 
fibres, facilitating area measurement by gas adsorption. In the work reported here, low temperature adsorption 
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37, Sept. 1954 
404-412 


84/11 


characteristics of nitrogen, butane and carbon dioxide on spruce wood and its components, chlorite holocellulose 
and KOH-extracted chlorite holocellulose, have been investigated. The principle of three methods available for 
the estimation of surface area by gas adsorption, 7.e. the Brunauer, Emmett and Teller method, the Harkins 
and Jura method and the Fu and Bartell method, are outlined. Details of the experimental apparatus employed, 
which was similar to that originally used by Harkins and Jura, are given. The sample to be studied is sealed ina 
bulb connected toa manifold, and the whole system is evacuated to 1074 mm. Hg for 12 to 18 hours by a silicone 
oil diffusion pump. Subsequently a liquid nitrogen bath is placed around the adsorption bulb, and helium, which 
is not adsorbed at temperatures above —200°C, is admitted to the adsorption bulb and associated measuring 
system in order to determine the volume of the adsorption bulb not occupied by the sample (the so-called 
‘dead space’). Then the low temperature bath is removed and the whole system is re-evacuated for several 
hours. The liquid nitrogen bath is put back to surround the adsorption bulb, and nitrogen is admitted to the 
compression bulb system. By raising the mercury in the compression bulb, nitrogen is liquefied in a tube which 
communicates with the compression bulb and dips into the low temperature bath. After determining the 
saturated vapour pressure of the liquid, a small amount of nitrogen was admitted into the adsorption bulb 
system, and the pressure was read. After allowing the gas to expand throughout the adsorption bulb, and after 
equilibrium was reached, the pressure was read again. This procedure was repeated until the desired number 
of points on the adsorption isotherm had been obtained. The formula for the evaluation of the experimental 
data obtained in nitrogen measurements is given. Certain comparative results obtained with the three methods 
investigated are shown in a table reproduced below. The Fu-Bartell method proved fundamentally unsuitable 


External Specific Surface of the KOH-Extracted Chlorite Holoceliulose as Determined from Nitrogen and Butane 
Adsorption Isotherms 


Assumed 
adsorbate 
molecular 
area, sq. A 


Adsorbent 
surface 
area, sq. m. 
per gram 


Assumed 

adsorbate 

molecular 
area, sq. A 


Adsorbent 
surface 
area, sq. Mm. 
per gram 


B.E.T. method 


Harkins-Jura 
method 


16.2 


32.1 
34.8 


0.98 
1.06 


1.00 


because this technique is based on the assumption that the absorbent is highly porous, whereas the materials 
investigated in this particular case are not porous. The other two methods have been found to give equally 
satisfactory results when applied to adsorption data on cellulosic material. The B.E.T. method appears to have 
some practical advantage over the Harkins and Jura method. Nitrogen proved to be the most suitable gas for 
use in adsorption measurements. Special correction factors have been determined in measurements employing 
butane, and carbon dioxide is not to be recommended since phenomena reminiscent of chemi-sorption could 
be observed in determinations employing this gas. 

Sommaire: On a étudié l’emploi de la méthode d’adsorption de gaz dans les mesures de surface spécifique 
extérieure de fibre de pulpe, et on en conclut que la méthode de Brunauer, Emmett et Teller est supérieure aux 
autres techniques employées presqu’a maintenant. 


Solubility of Gases in Molten Paraffin or Microcrystalline Waxes 
See Abstract No.: 19/IV 


Silicon Greases 

Germany. Silicon greases normally consist of a binary mixture consisting of polysiloxan oil and a suitable 
thickening substance. The degree of viscosity of the grease depends on the thickening substance admixed but 
remains steady over a temperature range of about —40° to + 250°C. Silicon greases are water repellent, have 
good electrical insulating properties and resist attack from diluted acids. Concentrated sulphuric acid will 
cause decomposition, and prolonged contact with gaseous halogens, such as chlorine or bromine, will cause the 
grease to become brittle. Organic solvents will not attack the grease as long as the surface is small, as, for instance, 
ona stopcock. Due to the low vapour pressure of the material, silicon greases are exceptionally suitable for vacuum 
plant. Other applications mentioned are radar equipment, rotating aerials and ignition systems in aircraft. 
Silicon greases have been used with success for the medical treatment of burns. Coating of the wound with 
grease will prevent oxygen from penetrating to the wound. Another medical use is the preparation of silicon 
grease ointments to be applied in the case of sunburns. Testing the consistency of the greases is of great importance 
in silicon grease manufacture, but normal methods available for this purpose are not feasible in the case of silicon 
greases because the latter do not become liquid on heating up. Consequently the grease has to be applied to the 
instrument by means of a spatula, and this invariably leads to the inclusion of air bubbles which falsify the 
readings. The authors, having tested various methods, consider the rheo-viscosity meter developed by Héppler 
the most suitable method for the purpose. In this method the sample is filled into a cylinder up to the lowest of 
five graduations showing on the cylinder. Then a sphere, actuated by a weight of known value, is left to sink 
into the sample, as a result of which the surface of the sample will rise and the time taken to reach the upper- 
most of the five graduations is recorded. This is repeated for five different weights. The measurements are 
taken at a temperature of 20°C. Averaging the times observed in the five runs the viscosity can be calculated 
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from the following formula 


0 
= Pik 


where P is the load on the sphere, ¢ is the time in seconds, & is a constant, the value of which is governed by 
the design of the apparatus, and s is the distance between the lowest and the uppermost graduations on the 
cylinder. Some results obtained by this method are given in a table partly reproduced below. 


Consistency Assessment for Various Greases 


Sample 


Ramsay grease, soft 


Vaseline 


Silicon grease F4203 


Silicon grease of 
other makes 


Viscosity Average 
Load P, 
cr g 
4,670,000 140 
6,330 80 
392,000 60 
4,300,000 160 


Depth of Instrument 
Penetration, Constant, 
ser, 

67.52 99.0 
13.61 0.9694 
11.00 99.0 
45.27 99.0 


The silicon grease F4203 is a product of the Institute for Silikon-und Fluorkarbon-Chemie, Radebeul-Dresden. 


Sommaire: Discussion sur les propriétés des graisses silicones et méthode d’obtention de figures comparatives 


de consistence. 


Ceramic-to-Meta! Sealing 
United States. Recent American publications on the problems involved in manufacturing thermionic valves with 
ceramic instead of glass envelopes, are reviewed. Ceramic envelopes have the following advantages: (1) Out- 


Metal Seals in Vacuum Equipment 
See Abstract No.: 104/II 


gassing can be carried out at temperatures as high as 700—750°C and in some cases the getter might be dispensed 
with. (2) The operational temperature of the valve can be increased. 
quently closer tolerances in envelope manufacture can be observed. (4) Within the limits of safe maximum 
operating temperature the ceramic can pass more high frequency power than glass. The following disadvantages 
are mentioned: Difficulties in ceramic-to-metal sealing. Compression seals only are suitable. There is a danger 
from thermal shock. Grinding ceramics often results in cracks. High sealing temperatures are needed, and, 
the metals suitable for bonding to ceramics being active or refractory, brazing and sealing has to be carried out 
in vacuum or an inert atmosphere. Finally, ceramic envelopes are opaque. General expert opinion is in favour 
of ceramic valves where operational temperatures and frequencies are high. Among various processes employed 
in the manufacture of ceramic-to-metal seals two methods are in regular use in the American valve industry: 
(a) The molybdenum-manganese process and (b) the active metal hydride process. In the former, the pre-cleaned 
ceramic is painted with a mixture of finely-divided molybdenum and manganese in a binder, the coating being 
air-dried and then sintered in wet hydrogen at a temperature within 50°C of the softening point of the ceramic. 
The resultant firmly bonded conductive coating is electroplated with copper and nickel to improve the wetting 
properties, and again sintered as before, after which operation it is ready for hydrogen brazing. This method 
is employed in the case of small assemblies. In the hydride process, method (6), preferred in the case of larger 
assemblies, titanium hydride powder in a binder is painted onto the pre-cleaned ceramic; the coating is dried 
and the metal parts are assembled in position with an alloying metal (e.g. silver). The whole assembly is heated 
to 1,000°C in a vacuum of 1074 mm. Hg or in a very dry hydrogen atmosphere. As a result the hydride dis- 
sociates and the active titanium forms an alloy with the other metal which bonds to the ceramic and brazes to 
the metal parts in one operation. Recent trends include direct sealing of some metals and alloys to ceramics. 


Successful combinations are given in a table partly reproduced below. In conclusion, the author discusses the 


(3) Ceramics can be ground and conse- 


Ceramic Material 


Type Name 


Metal 


Forsterite 


Alsimag 243 


50% nickel iron 
46 °% nickel iron 
51% nickel iron 
16% chrome ‘ron 


Alsimag 491 
Alumina 2548 


Zireon Molybdenum 
Z14 Molybdenum 
Kovar 
Alumina Alumina Copper: Nickel 
A1200 Kovar 


44% nickel iron 
44% nickel iron 
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D. A. Lyon 
U.S. Pat. 
2,704,265 


Article by 
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theory of the two major bonding processes. 55 References. 


Sommaire: Revue sur les rapports Américains publiés a l’occasion d’un récent symposium sur les valves therm- 
ioniques 4 enveloppes de céramiques, et des problémes rencontrés dans la production de telles valves. 


Ring-Type Teflon Gasket 
See Abstract No.: 107/II 


The Use of Indium in High Vacuum Equipment 
See Abstract No.: 103/II 


Electrically Conducting Films on Cast Plastics 


United States. A method is described for the application of a thin, transparent, inorganic, non-metallic, electri- 
cally conducting coating to transparent cast plastic sheet which is so firmly bonded to the plastic sheet that the 
latter can be handled and formed in subsequent operations without the coating being rubbed off or losing its 
electrical properties. A convenient thickness of the film is about half a wavelength. The preferred film material 
is cuprous iodide and a suitable plastic material is polymerised methyl methacrylate. Asa first step, the cuprous 
iodide film is deposited on the inner surface of one of the glass plates which form part of the mould employed for 
casting the plastic sheet. The glass surface receiving the film does not need to be particularly clean. This facilitates 
easy transfer of the cuprous iodide film to the plastic sheet. The film is formed by first exposing the glass surface 
maintained at room temperature to copper vapours at reduced pressure and then slightly warming up the glass 
plate, now coated with copper, and exposing it to iodine vapours at a temperature near 100°C. Two alternative 
methods for producing the films are mentioned. Normally, in order to promote polymerisation, a catalyst such 
as benzoyl peroxide is added to the plastic material to be cast. Such catalyst material would destroy the 
iodide film and produce cloudiness in the material, and, therefore, prior to filling the form with the methyl 
methacrylate, the cuprous iodide film on the glass plates has to be covered with a protective layer of a material 
which is thin enough not to interfere with the transparency required, and at the same time be capable of forming 
a strong bond with the film on one side and the polymerised plastic on the other. The use of ‘clear POL’, avail- 
able from the U.S. Rubber Co., is suggested for this protective layer. This compound is an interpolymer of 
styrene, an allylic fumarate and an allylic alcohol, and is applied, in the form of a 10° solution in xylene or 
benzene, by brushing, spraying or dipping and subsequent baking at 195°C for about | hr. The thickness of the 
protective layer should be a fraction of a mil. The application of the protective layer appears to have an effect 
on the resistance values of the cuprous iodide film. Whereas a one half-wave cuprous iodide film has generally 
a resistance of about 4,000 Q per square, cuprous iodide films applied to the plastic material by the present 
method show resistances of 15,000 to 50,000 Q per square. It is suggested that penetration of the ‘POL’ material 
into the interstices of the cuprous iodide film is responsible for the rise in the resistance of the film. 


Sommaire: Détails sur une méthode appliquée dans le moulage des plastiques, dans laquelle un recouvrement 
conducteur électrique est fait dans le moule et est ensuite tranféré sur le plastique pendant le moulage. 


Semiconductivity of a Type IIb Diamond 
See Abstract No.: 60/III 


Studies of Fractures in Opalescent Glass by Means of the Electron Microscope 


Germany. Silica glass is typical in its properties of brittle amorphous substances. It has been shown in the 
past that the two faces of a fracture produced in such glass under tensile stress fit perfectly into each other, 
all deformations on the faces being truly complimentary down to dimensions of 1 u. On the other hand, the two 
faces of fractured Polystyrol or Plexiglas will not give a perfect fit. This is due to the formation of small ridges 
on both faces which indicate the occurrence of some plastic flow during breakage. It has been claimed that 
under certain conditions silica glass may also show plastic flow phenomena. For instance it has been observed 
that scratching a glass face with a diamond, making contact with the glass over an area of 1 uw? under a load of 
1 g. will produce small grooves, the glass being pushed out of the way forming walls on either side of the 
scratched groove. In order to obtain further evidence of this point, the authors examined the two faces obtained 
in fractures of opalescent glass produced at a speed of 1,000 m./sec., in the electron microscope. Opalescent 
glass was used for the experiments because the fiuoride crystals embedded in the mass of amorphous glass 
greatly facilitate identification of corresponding irregularities in the two fracture faces. The particles had a 
dimension varying from | u to 0.1 u. The specimens actually examined in the electron microscope were collodion 
replicas, shadow cast with tungsten oxide. No traces of plastic deformation could be detected in these experi- 
ments. All contours on the two fracture faces were complementary down to dimensions of 0.1 u. 


Sommaire: Des observations faites sur les deux faces d’une cassure de verre de silice opalescent, ont confirmé 
que ce type de verre n’a pas de déformations plastiques causées par le cassage. 
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Chemical Composition of Special Glasses for High-Vacuum Techniques 


Germany. The compositions of the following groups of special glasses are discussed and tabulated: (1) Bulb 
glasses, either colourless (Pb crystal glass, Ba glass, etc.), coloured (by Mn, Co, Cu, Cr, CdS, Cu ruby), or 
opalescent, infra-red, ultra-violet, and x-ray absorbing, or highly transmittent; further special glasses resistant 
to metal vapours (especially Hg, Na, Cd, Mg, and Cs); finally high-melting (‘hard’) glasses of the Pyrex type. 
(11) Glasses for sealing to metals, especially for Fe-Ni alloys, Cu, Fe-Cr alloys, Fe-Ni-Co alloys, (Fernico, 
Kovar), Mo, and W, with special requirements of thermal expansion, electrical conductance, softening point 
(below the magnetic Curie temperature of Fe alloys), either high in alkalis, PbO, or F; Zn Al B-phosphate 
glasses, Zn borosilicate glass, alkali-free Al phosphate glass, or glass corresponding to the eutectic of anorthi- 
teclinoenstatite-SiO, (plus some alkali for the correction of the thermal expansion coefficients), RO-alumino- 
silicate glass (Jena Supremax) of high transformation temperatures and excellent dielectric characteristics. 
(III) Glass-steatite sealing (especially with « = 90x 10-7). (IV) Glass for television tubes, either PbO silicate, 
or Pb-free, similar to the sealing glasses for Cu, sometimes slightly coloured (‘neutral’ glasses). (V) For high- 
vacuum tube manufacturing special glasses were developed for the insulation of the introduction wires in the 
tube socket, and glasses for the adaptation of other glasses by contrasting expansion characteristics (the expansion 
coefficients differing by more than 10%) by intermediate use, e.g. in connecting SiO, glass with Pyrex or Nonex 
etc. 

(Chemical Abstracts) 


Sommaire: Description de compositions de verre satisfaisantes pour les différents problémes rencontrés dans 
les techniques du vide. 
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A Hydrogen Pirani-Leak Detector Using a Charcoal Trap 
See Abstract No.: 125/II 


A Metal Mercury Diffusion Pump and Cold Trap for Line Recorder 
See Abstract No.: 10/II 


Trap for Attenuating Mercury Vapours in the Mass Spectrometer 
See Abstract No.: 50/II 


Liquid Nitrogen Cold Traps 
United States. A cold trap operated with liquid nitrogen is described which is designed to be fitted within 
the chamber of an evaporation plant. It consists of a copper coil, placed inside the chamber, the two ends 
of which are brazed to flanged stainless steel tube sections. With the help of a rubber gasket, the tube flanges 
form a vacuum-tight seal with the work chamber base plate. The liquid nitrogen is continuously circulated 
through the coil by means of compressed air. While operating the trap for 1 hour or longer without breaking 
the vacuum in the bell jar during processing, a pressure of 5x 10°? mm. Hg could be maintained in the bell 
jar. The vacuum deteriorated by a factor not exceeding two when large quantities of aluminium were evaporated 
within a fraction of a second. 

Sommaire: Détails sur un piége froid, employant de l’azote liquide comme réfrigérant; ce piége est employé a 
l’intérieur de la chambre de travail d’un appareil a évaporation sous vide. 


Ultra-High Vacuum Valve 


United States. In the Alpert-type of ultra-high vacuum valve the seal is made by forcing a hard metal nose 
into a soft copper valve seat. The lower limit of leakage conductance (about 107!° 1./sec.) which can be achieved 
in this way is governed by the yield point of copper. Beyond this point, increasing the force does not increase 
the pressure, and the latter never reaches a value sufficient to seal microscopic scratches on the polished metal 
surface. A modified form of the valve is described where a vacuum-melted pure silver ring is compressed between 
the nose-piece, made from R-Monel, and the hot-rolled Monel body. The sealing area is kept small to achieve 
the sealing pressure of 160,000 p.s.i. required for minimum leakage. The silver ring is machined to size in situ 
after it has been forced over the nose-piece. The final dimensions of the ring are: Width 0.040 inch, thickness 
0.025 inch, a 45° bevel angle and a flat-bearing surface of 0.020 inch. The seat contains an annular groove 
approximately 0.005 inch wide and 0.010 inch deep. The entire valve body assembly, consisting of body, 
nose-piece, nickel diaphragm, two 0.5-inch diam. Kovar-Pyrex leads and solder rings, is degreased and placed 
in a hydrogen bell-jar with the glass protruding above the heating coils. Thus all joints are soldered at once. 
The solder is low vapour-pressure Inconsil-15 flowing at 687°. The valve assembly may be baked at temperatures 
up to 450°C, and gave pressures of about 5x 107! mm. Hg. The leakage conductances were measured as a 
function of the closing torque by an equilibrium method. The valve was connected to the vacuum system and 
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to a Bayard-Alpert gauge. Equilibrium was attained after several hours of ion-gauge pumping. The change 
Ap in equilibrium pressure noted when nitrogen at atmospheric pressure P was applied across the seal was 
then observed, and the leakage conductance F calculated from F = SA p/P, where S is the pumping speed of 
the ion gauge. The pressure change observed was smallest with a closing torque of 42.5 lb.ft., indicating a 
leakage conductance of less than 107!4 1./sec. 


Sommaire: Description d’une vanne a vide poussé, améliorée, du type d’Alpert, ayant une fuite decon ductance 
au dessous de 107! litre par seconde. 


A Compact High-Vacuum Valve 


United States. In mass spectrometer studies of solid samples the spectrometer tube has to be opened every 
time a new sample is introduced. There are locks enabling this to be done without breaking the vacuum, but 
for moderate usage it is simpler to break the vacuum as long as there is a simple device available to seal off 
the diffusion pump during the process. Details are given of a valve specially designed to meet this requirement. 
The cylindrical body, housing the valve, is fitted to the mouth of the diffusion pump. The seal plate is joined to 
the bottom of a bellows and the latter is supported from a spider fastened to the top flange of the valve housing. 
A small pipe connects the interior of the bellows with the rotary pump of the mass spectrometer pumping plant. 
Within the bellows is a helical spring excercising an upward pull on the seal plate in order to open the valve, after 
vacuum has been applied to the interior of the bellows. The valve is closed by applying 20-25 Ib. air pressure 
to the interior of the bellows. The valve shown is designed to fit the MCF-60 pump (CVC) which is an oil diffusion 
pump and requires a baffle above the throat. The device can be easily adapted to fulfil this additional function. 


Sommaire: Description d’une vanne a vide poussé spécialement étudiée pour isoler la pompe 4a diffusion d’un 
spectrométre de masse pendant |’échange des échantillons. 


A Simple Metal-to-Metal Vacuum Valve 


United Kingdom. The design of a robust right-angle pattern vacuum valve is described which provides that 
the 90°-conical end of the silver steel or stainless steel threaded shaft seats on the end of one of the copper 
tube connections which are hard-soldered into the brass body of the valve. An O-ring which is groove-located 
on the shaft, seals the other connection by contact with the internal cylindrical surface of the valve body. 
The valve has been tested, after 1,000 operations, when closed, with helium at a differential pressure of 4 atm. 
and no leak has been detected with a commercial mass spectrometer type of leak detector. It is considered 
probable that it would withstand much higher pressure differentials. Valves for # inch, 4 inch and } inch bore 
connections have been made in this design. 


Sommaire: On donne des détails sur une vanne a vide du type vanne a équerre. 


Improvements i.o.r.t. Valves 


United Kingdom. A description is given of a cut-off valve for controlling fluid flow in a pipe line, suitable for 
vacuum or pressure work. The valve consists of a housing let into the pipe line, through one end of which runs a 
shaft perpendicular to the pipe axis. The shaft bearing in the housing is provided with a leak tight packing 
gland which permits the shaft both to rotate and to slide. The inner end of the shaft is linked through an eccen- 
tric member to the valve plate, which carries a flexible sealing ring round its edge and closes the pipe by seating 
against a flange in the housing. To open the valve, the shaft is rotated sufficiently for the eccentric to lift the 
plate from its seat, and is then withdrawn axially so that the plate moves sideways into the housing and leaves 
the pipe unrestricted. A second O-ring seal, mounted in a groove in the shaft, becomes engaged in the bearing 
as the shaft moves outwards and thus allows the outer packing gland to be replaced if necessary without 
breaking the vacuum. 


Sommaire: Description d’une vanne d’arrét pour controller l’écoulement de fluides dans des tuyaux, soit sous 
vide, soit sous pression. 


Seal-Off Valve for Vacuum Systems 


United States. Vacuum systems are commonly sealed off either by installing a complete valve, or by pinching 
off an annealed metal tube. A complete valve is often inconveniently bulky, while the second method has 
disadvantages when the system requires re-evacuation. The valve described is of small bulk, and enables the 
system to be readily re-evacuated without exposure to the atmosphere. It is also suitable for use as a pressure 
seal or as a combination safety valve and seal-off valve. The principal parts of the valve are a valve handle and 
stem, the valve body and seal, and a removable bonnet enclosing the seat assembly and adjacent end of the stem. 
The moveable seat contains six short ports through which the vacuum system may be rapidly pumped out. Two 
pins in a bar attached to this end of the stem engage two of the ports so that when the desired vacuum has been 
attained, the handle is turned until the valve is seated. All parts except the moveable seat assembly may now be 
removed by loosening the screws of the bonnet, and a protective rubber or plastic cap is put on. By reversing 
this procedure the valve may again be opened. The valve parts may be made of any suitable material, but a 
Neoprene seat is recommended for high vacuum systems. (See also Vol. IV Abstract No. 120/II) 


Sommaire: Une nouvelle vanne de fermeture pour systémes a vide poussé a été développée; cette vanne facilité 
la ré-évacuation du systéme sans l’exposer a l’atmosphére. 
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The Use of Indium in High-Vacuum Equipment 


United States. Joints employing the use of rubber, vacuum grease and even Teflon, particularly in mas; 
spectrometer plant are often objectionable. As an alternative, three methods of using indium for gaskets 
are described. In the first method a 0.050 inch diam. indium wire is placed in a groove between the flanged 
parts to be joined. Provided the surfaces are machined to a fairly smooth finish, a good vacuum compression 
seal can be obtained. In the second method the same design of flange is used but the indium is soldered 
directly to the surfaces and pressure-sealed. In the third, indium is coated onto a copper ring gasket and a 
knife-edge structure is employed for the metal-to-metal contact. All three methods allow for several resealing 
operations. Finally the design of a vacuum valve is shown which uses indium as gasket material. Indium fills 
a groove in the valve body and on closing the valve the outer edge of the seal plate dips into the indium- 
filled groove. By means of a small nichrome heater operating at 110 V a.c. and placed in the body of the valve 
underneath the groove the metal is brought up to melting point (155°C) whenever the valve is to be closed 
or opened. Heating to this temperature requires about 2 minutes. 


Sommaire: Description de différentes réalisations de joints employant de l’indium comme métal de scellement. 


Metal Seals in Vacuum Equipment 


United Kingdom. In high vacuum systems metal gaskets are commonly used instead of rubber-like sealing 
materials where complete freedom from contamination is required. This report presents some measurements 
of leakage rates through metal gaskets under various conditions, the materials tested being aluminium, copper, 
indium and solid mercury. For permanent connections, the best seal was found to be given by 25 s.w.g. 
aluminium sheet bolted between two flanges, one flat and the other having a raised ridge 0.02 inch x 0.01 inch. 
Such a seal on a 12-inch diam. chamber gave a leak rate of 0.007 yu 1./sec. at room temperature. Seamless wire 
rings of aluminium and copper also gave satisfactory seals when accommodated in a conventional O-ring 
groove. All the seals tested remained tight both during and after immersion in liquid air, whereas rubber 
O-rings failed completely at this temperature. At high temperatures aluminium seals remained good up to 
about 400°C and copper up to 800°C, though the leak rates rose slightly with the temperature. For demountable 
seals indium was found to be a suitable material, which could be used in the form of wire rings in hand-tightened 
pipe unions or clamped between flat flanges. Solid mercury seals also proved suitable, the liquid metal being 
frozen in an O-ring groove by means of solid carbon dioxide or liquid air. 


Sommaire: Un rapport et des données sur les taux de fuite au travers des joints de métal, sous différentes 
conditions; ces données sont en particulier, pour l’aluminium, le cuivre, |’indium et le mercure solide. 


Improvements r.t. the Production of Substantially Vacuum-Tight Joints between Metallic Members 


United Kingdom. A method of forming a permanent vacuum-tight joint between two metallic members is 
described, which uses the ability of a thin layer of a suitable metal placed between the members to cause 
union of them by diffusion if sufficient pressure is applied. The new process requires appreciably less time 
than the normal jointing processes, e.g. brazing, soldering and welding, and elevated temperatures are not 
essential. The metal used for the intermediate layer will depend on the metals to be joined, but gold, silver 
and copper are suitable and the use of other metals or alloys is contemplated. The layer may be formed by 
electro-deposition on one or both of the members, or may be interposed as a foil of about 0.01 mm. thickness. The 
surfaces to be joined should have two or preferably more circular ridges on one of the surfaces around the opening 
e.g. on the flange in the case of a pipe. By applying and maintaining a sufficient pressure the metallic members 
are made to diffuse into the intermediate metal at the crests of the ridges, and thus to inter-penetrate and 
unite one with another. This process is clearly distinguished from the use of a relatively thick gasket of soft 
metal. Heating of the joint may enhance the diffusion of the metals. Advice is given on the production and 
maintenance of the required pressure during the process. 


Sommaire: On propose une méthode de formation d’un joint permanent éprouvé au vide, entre deux parties 
métalliques, en employant une couche mince d’un métal approprié, qui engendre une union des parties métalli- 
ques par diffusion. 


Improvements i.o.r.t. Vacuum Tight Joints 


France. The difficulties experienced up to date in the production of vacuum-tight joints between parts of the 
envelopes of electron discharge tubes arise mainly from the temperatures required to effect union. Distortion 
and strain occur at the edges and make accurate positioning of the electrode elements within the tube difficult. 
There is the further problem of joints between metal and ceramic parts. It is proposed to avoid these troubles 
by using a sealing medium, such as an enamel, low melting-point alloy or eutectic mixture which wets the two 
surfaces to be joined. This is applied over a portion of the width of the edges to be joined and the latter are 
ground and polished so that the surfaces mate. A vacuum may be drawn in the envelope after the polished 
zones have been brought in contact with one another, acting as a preliminary seal, until the sealing medium, 
which should have a fusion temperature below that of the parts to be joined, is raised to its melting or softening 
point. The sealing medium then flows inwards over that area of the seal which it did not originally cover. 
The fusion of the sealing material can be combined with the baking operation for the tube, which may be 
carried out at about 450°C, if a suitable material is chosen. As the sealing temperature is kept below the 
distortion temperature of the components, their accurate positioning is possible. Several seals in different 
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111/11 


materials, including metal and ceramic, embodying this invention, are described and illustrated, as is a rotary 
automatic machine for effecting these seals. 


Sommaire: Description d’une méthode pour joindre avec étancheité les différentes parties de l’enveloppe de 
tube électronique a décharge; cette méthode facilite la pose avec précision d’éléments tels que les electrodes a 
l’intérieur du tube. 


Ring-Type Teflon Gasket 

United States. A gasket was required which would withstand a temperature of 100°C without releasing con- 
taminants into a tube-type furnace employed for the purification of germanium. Teflon was considered satis- 
factory as far as temperature resistance and chemical inertness was concerned but it has the disadvantage 
that considerable force is required to deform massive Teflon whereas, if available in thin sections, the material 
would be permanently deformed under relatively light loads. It was decided to prepare Teflon gaskets and to 
overcome the difficulties by machining a Teflon disc 0.226 inch thick and 1.745 inch outer diameter, providing 
a hole of 1 inch diam. in the centre. After machining, the gasket was of a U-type cross-section 0.020 inch 
thick with the open end of the U pointing outward in the horizontal plane. A closely wound toroidal helical 
spring of 0.010 piano wire and 0.185 inch coil diameter was loosely laid into the U and sealing was accomplished 
by compressing the gasket between two surfaces inclined at 35° to the normal, thus producing a radial force 
as a result of an axial one. As a result of the deformation of the spring the Teflon shell was pushed against 
the tube passing through the middle of the gasket. It was found that the gasket returned to its original shape 
when released and was thus fit for repeated use. Effective sealing could be obtained by this method for tube 
diameters varying up to 0.020 inch. 

Sommaire: Description d’une réalisation particuliére de joints de Teflon relativement minces, qui ne se défor- 
ment pas. 


Ceramic-to-Metal Sealing 
See Abstract No.: 87/II 


Vacuum Bushings 


Czechoslovakia. A paper is quoted which describes a technical solution of the problem of fitting ceramic vacuum 
bushings in metal fittings, such as are employed in large rectifier units. Difficulties are caused by the fact that 
the materials must be carefully selected and designed so as to reduce the stresses on the seals due to the difference 
in thermal expansion and the strengths of the various components. In addition, a special technique of sealing 
is required. These conditions cannot be assessed accurately by theoretical considerations alone. 


Sommaire: Description de méthodes employées en pratique pour chemiser des parties métalliques avec de la 
céramique, le tout étanche au vide, comme celles employées dans les grands redresseurs. 


Nickel Diffusion Leak for Hydrogen 


United Kingdom. The merits of palladium and nickel with respect to their use in the construction of controlled 
hydrogen diffusion leaks are discussed. Nickel has been used by a number of workers, but palladium is preferred 
when a regulated supply of purified hydrogen is required. Under identical conditions hydrogen diffuses more 
rapidly through palladium than nickel. The figures available for palladium vary widely, but in general the 
centigrade temperature of nickel must be of the order of twice that of palladium to achieve the same rate of 
diffusion. However, the permeability of nickel is unaffected by prolonged heating at a temperature above 
600°C, whereas that of palladium falls above 500°C. The permeability-temperature curve of palladium shows 
hysteresis, and palladium heated in hydrogen expands, becomes brittle and tends to disintegrate. Nickel is 
therefore to be preferred on the grounds of reproducibility, stability, availability and cheapness. A nickel 
diffusion leak described in the note was designed to supply purified hydrogen for a high-intensity proton-ion 
source. Pure nickel tubing, 0.03 inch bore, 0.005 inch wall thickness and 60 inch. total length, was wound on a 
helically grooved silica tube, 3 inch. long and # inch o.d. The assembly was enclosed in a glass envelope with the 
ends of the nickel brought out through two Kovar tubes terminating in suitable unions. The nickel was heated 
directly by an electric current. The diffusion rate was plotted against the power input and voltage. At 30 W 
and 7.6 V, the rate of diffusion was 30 ul. (at 20°) per sec. and at 50 W and 10 V, it was 60 wl. per sec. For 
a constant temperature, the rate of diffusion through the wall per unit length is approximately proportional to 
pty/d where p = pressure, y = mean radius, d = wall thickness and y>d. Thus large pressures must be avoided, 
and an enhanced flow cannot be realised by the use of a large radius if the circumferential stress of the tube 
is fixed at a safe maximum value. 


Sommaire: On discute les avantages du palladium et du nickel dans leur emploi dans la construction de fuites 
a diffusion d’hydrogéne. 


Apparatus Using a ‘Lazy-Tong’ Linkage to Obtain Rectilinear Movement in an Evacuated Chamber 


Belgium. A design of manipulator is described which facilitates moving an object in an evacuated chamber 
rectilinearly. The movement of the specimen which can be effected by the device is appreciable due to the 
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fact that a series of ‘lazy-tong’ linkages are employed. No organic materials are employed in the construction 
of the device and complete vacuum tightness is assured by providing a metal bellows to transmit the action. 


Sommaire: Description et détails d’un manipulateur qui facilite le mouvement rectiligne de specimens a | 'intéri- 
eur d’une chambre vidée. 


29 — MISCELLANEOUS APPARATUS — 29 


Apparatus for Measuring Vapour Pressure 
See Abstract No.: 30/II 


New Absolute Manometer for Vapour Pressures in the Micron Range 
See Abstract No.: 31/II 


Twin Knudsen Effusion Apparatus for Small Samples of Radioactive Materials 


United States. Vapour pressure measurements at high temperatures by the Knudsen effusion technique are 
subject to considerable concealed errors and it was decided therefore to employ the differential or ‘twin’ 
principle in a study concerned with the vapour pressure differences between similar compounds, in order to 
minimise such errors. In this particular case the vapour pressure of americium trifluoride relative to that 
of plutonium trifluoride in the temperature range 1,230° to 1,410°K was to be investigated, and as these materials 
are scarce the apparatus was designed for samples of about 1 mg. only. Actual determination of the vapour 
pressure values is obtained by radiometric assay of the condensed effusate. The apparatus is built in the form 
of a ‘T’ with a 6-inch Pyrex bulb at the junction, the opposite arms supporting two horizontal tantalum rails 
which carry the furnace collimator system. The system is evacuated by conventional high vacuum pumps and 
maintained at a pressure not exceeding 10°§ mm. Hg during operation. Details of the furnace are given. The 
maximum temperature was limited to 1,200°C by the construction materials employed. The effusion crucible 
was made entirely of tantalum and had two identical cavities and an effusion orifice at each end. The overall 
length was ¢ inch and the diameter ¥ inch. The orifices were of 0.1 mm. diam. and were prepared by the 
method described by Simpson et al. The receiver systems were fixed to removable caps fitting on the ends of 
the opposite arms of the ‘T’ shaped vessel and each consisted of a 1.75 inch diam. platinum disc receiver which 
could be rotated, combined with a shutter device. Full details of this unit are given. The device facilitated 
simultaneous opening of the shutter and movement of the disc allowing each time a predetermined sector to be 
exposed exactly in line with the collimator opening. Up to 4 exposures were possible in one run, whereas a 
more elaborate type for use in ‘single’ operation permitted 25 exposures. A loose side box built over one arm of 
the vacuum vessel and containing purified dried argon facilitated loading and the adjusting of the effusion 
apparatus without risk of hydration or oxidation of the sample. Results obtained with the apparatus are 
shown in a table partly reproduced below. The ratio of pressures shows a definite increase with rising tem- 


Relative Vapour Pressures of AmF;(s) and PuF4(s). 


Pressure Pressure Pressure PuF , 

Temperature AmF. PuF, 

°K (mm. x 104) (mm. x 104) Precure 
1302 1.038 1.730 1.67 
1360 5.08 8.73 1.72 
1392 11.83 21.43 1.84 
1414 17.25 30.84 1.79 


perature indicating a more positive heat of sublimation of plutonium trifluoride. These results are no longer 
subject to doubts with regard to the actual temperature at which the vapour pressures were measured for both 
materials. 

Sommaire: Description d’un double appareil a diffusion de Knudsen pour mesurer les tensions de vapeur. 


Procedure for Determining Vapour Pressures of Materials of Low Volatility 


United States. Problems encountered in military aviation with high speed evacuated equipment such as 
gyro-compasses where, under parameters of static evacuation, time, high rotational speed and temperature, 
oil has been depleted from grease formulations resulting in loss of lubricating quality of the grease, has led to 
the construction of a Knudsen type of diffusion apparatus for determination of vapour pressures of solids and 
liquids of low volatility in order to provide information on factors which may help to improve the grease 
resistance to such an environment. The apparatus described facilitates determinations up to 1,000°F. The 
effusion cell consists of an aluminium cup, a glass interliner, a lead gasket, a copper disc 0.09 mm. thick with a 


8. C. Carniglia & 
B. B 


Rev. Sci. Instrum. 


Article by 
E. Thomas 
Bull. Classe Sci. 
August 1955 
839-841 


112/II 


113/II 


114/11 


Article by 
Cunningham 


26, May 1955 - 
485-488 


115/11 


Vacuum 
Vol. V 


October, 1955 


= 
Vol. 
2 
263 


VACUUM 
Classified Abstracts 


Abstract No. 


and References II — Vacuum Apparatus and Auxiliaries — II 


Contd. 


hole of 1.7955 sq.mm. area in the centre and a brass bush holding the disc, which served as the diffusion orifice, 
in position. The cell fitted into a cylindrical brass diffusion chamber and could be placed into, and removed 
from it, by a pair of tongs. The bottom of the effusion chamber fitted into a brass block furnace and, half way 
up, a preheat furnace surrounded the chamber to minimise the considerable temperature gradient between the 
furnace and the cooling coil which surrounded the top of the diffusion chamber to keep the temperature at the 
(tapered) joint to the vacuum system low. Immediately above the effusion chamber joint was a cold trap. 
Stopcocks facilitated isolation of the diffusion chamber section of the plant thus permitting the exchange of 
samples without breaking the vacuum in the system generally. The system was evacuated by a three-stage 
oil diffusion pump and the pressures were measured with a Knudsen gauge. Vapour pressure data were obtained 
by measuring the weight loss of the sample. The initial weight of the sample was determined to the nearest 
0.1 mg. Runs were extended as long as possible (up to 8 hours) in order to obtain a large weight loss and thus a 
high accuracy in the determinations. The vapour pressures were calculated on the base of the Knudsen effusion 
equation which, neglecting the effects of plate thickness and system pressure (permissible in the particular 


test conditions), reduces to 
w 1 
Po (microns) = 17047.5 (+) (5) 


where fo is the equilibrium vapour pressure of the substance, w/t is the rate of diffusion in g./sec., A is the area 
of the orifice in sq.cm., T is the absolute temperature and M is the molecular weight of the effusing vapour. 
The apparatus was calibrated using triple distilled di-(2-ethylhexyl) sebacate. Details of the procedure are given. 
The experimentally obtained vapour pressure data for this material are given in a table partly reproduced below. 


Temperature-Pressuve Data for Di-(2-Ethylhexyl) Sebacate 
Obtained by the Effusion Method 


Absolute Temperature Vapour Pressure 


101 2.674 0.52 
126 2.506 2.51 


Temperature 


131 2.475 5.12 
147 2.381 13.45 
Report b 156 2.330 30.70 
Oo. M. Ballentine 179 2.212 131.50 
WADC Techl. 
54-418 Sommaire: On a developpé un appareil pour déterminer les tensions de vapeur absolues de specimens liquides 


February 1955 ou solides peu volatils. 


116/II The Vapour Pressure of Mercury at 250-360° 


See Abstract No.: 78/II 


117/11 The Vapour Pressure of Calcium I. 


United Kingdom. The vapour pressure of solid calcium at the 600°C level has been determined by Pilling 
(Phys. Rev. 18, 1921, 366) and Rudberg (Phys. Rev. 46, 1934, 763). The former used the Langmuir evaporation 
method and the latter the Knudsen effusion method. The experimental results differ by a factor of 10 and the 
investigation reported here has been conducted to obtain more information on the subject. The present author 
employed the effusion method, the theory of which as far as applicable to the present investigation is discussed. 
The experimental equipment consisted of a bell-jar sealed to a brass plate and evacuated by a silicone oil 
diffusion pump. The crucible was made from nickel and had the overall dimensions of 1.063 inch diam. and 1.0 
inch height. Details of the crucible design are given. The calcium metal was placed into holes within the 
crucible and the vapour effused through an orifice at the bottom of the crucible, heated by a separate heater. 
The effusing vapour passed through a second rectangular slit of known dimensions which restricted the beam 
and facilitated calculation of the solid angle of the beam. A shutter between the slits, operated magnetically, 
controlled the time of condensation of the vapours onto one of eight cover slides arranged on a circular tray 
which could be revolved by external means. The operational pressure in the system was 10°™* mm. Hg. The 
shutter was open for accurately defined periods only, permitting deposits varying from 100-500 yw g. of calcium. 
Details of the method of temperature measurement are given. Determinations were carried out in the tempera- 
ture range of 800°-920°K. The vapour pressure data were determined from measurement of the effusate. 
The deposit was recovered by a chemical method. Changing the area of the crucible effusion slit from 0.013 
to 0.038 sq.cm. had no apparent effect on the determinations. All results fitted the relation 


logy P = 9.59-10089/T 


where TJ is the absolute temperature and p is the vapour pressure of calcium in mm. Hg. Detailed results are 
given in a table partly reproduced on the next page. See also Abstract No. 118/II. 

Sommaire: La tension de vapeur du calcium a été mesurée au moyen de la méthode a diffusion de Knudsen, 
a des températures comprises entre 800 et 920°K 
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118/11 


The Vapour Pressure of Calcium II. 


United Kingdom. It was found that the results obtained by Douglas and Pilling and Rudberg in the measure- 
ment of vapour pressure of solid calcium (see Abstract No. 117/II) differ from each other and from those 
derived by Hartmann and Schneider, (Z. Anorg. Chem., 180, 1929 275), if extrapolated for liquid calcium. 
The author therefore conducted a series of experiments following closely the experimental method of the author 
of the previous report (Abstract No. 117/II). The calcium employed in the present experiments was radio- 
activated in order to determine the deposits by means of a Geiger counter. The oven arrangement was similar 
to that employed previously but the crucible was made from low carbon iron instead of nickel because the 
former material is known to be less reactive with calcium. The effusion orifice was circular and the collector 
disc was cooled with solid carbon dioxide. The orifice area was 0.00522 sq.cm. and the solid angle subtended 
at the orifice by the collimating aperture was 0.0854 of 4 x. The actual vapour pressures calculated from the 
formula 


p = 2.546 x 10°a74/t mm. Hg 
and the results are shown in a table partly reproduced below. As these results are very close to those obtained 


Vapour Pressure Determinations 


T(°K) 103/7 t(sec) (counts/min.) p (mm. Hq) 


868.9 1.151 1800 255 4.17, 1.06, 10-2 
3 867.4 1.153 1800 241 3.94, 1.00, x 10-2 
5 838.2 1.193 3600 184.5 0.48, 3.76, x 10-3 


by Douglas and by Pilling, it is concluded that the vapour pressure relation for solid calcium in the range under Article by 
investigation is now well established and the vapour pressures obtained by Hartmann and Schneider for liquid D. H. Tomlin 
calcium should be multiplied by the factor 2.14. ‘tom Fie gee . 
Sommaire: D’autres mesures de la tension de vapeur de calcium solide ont été faites avec une méthode semblable B787-794 


a celle décrite dans le Sommaire 117/TI. 


119/II 


A Set of Vapour Pressure Curves and Explanatory Remarks on Its Applications 

Germany. A number of graphs are shown giving the vapour pressure curves for approximately 140 different 
materials. The graphs are constructed showing log p on the ordinate and 1,000/T along the abscissa. Tem- 
peratures in degrees centigrade are shown along the horizontal at the top of the graph. Thus all curves are 
nearly linear. Values for the crystalline and for the molten state are shown and the melting point is specially 
marked in each case. The data given is most complete for metals and chlorides but vapour pressures of 
oxides and sulphides are also given. Evaporation rates can be calculated with the help of a formula given 
in the article. But these values are optima and do not take into account practical conditions such as impurities 
in the surface of the evaporating material. Such factors may reduce the speed to about 1/1,000th of the 
maximum value. If evaporation takes place in the presence of a dense gaseous atmosphere, the removal of the 


vapours is retarded due to the fact that the vapours have to diffuse through the gas. This can be largely Bg A 
overcome by providing for efficient convection. The formula given for the calculation of the rate of evaporation O Knacke 
furnishes a good criterion for the effectiveness of the measures taken to obtain good convection, when compared Z. Erzbergbau 
with the rate obtained in practice. Metallhutienw. 
Sommaire : Les courbes de tension de vapeur de 140 différents matériaux, métaux, halogénes, oxydes et sulphures, pa 


sont données. 


A Pressure Regulator for a Low-Pressure Continuous-Flow Ionisation Chamber 120/11 


United States. In certain experiments, a large, continuous-flow ionisation chamber had to be maintained at a 
given pressure for periods ranging from a few hours to several days. To facilitate this a pressure regulator 
was designed, details of which are given in this report. The pressure in the chamber was indicated by a U-tube 
oil manometer employing Octoil gas as a manometer fluid, this being the most satisfactory for the purposes of 
the device with regard to density, transparency, index of refraction and vapour pressure. The light source was 
a 6 W fluorescent tube which was placed between the two arms of the U-tube manometer. The lighting tube 
was fully enclosed except for two slits each facing one arm of the manometer. On the outside of each manometer 
tube a photocell was placed at the appropriate height fully covered with opaque paint but for a slit facing the 
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respective arm of the manometer. Two photocells were used in order to compensate for variation in the intensity 
of the light source and thermal expansion of the manometer oil. When oil entered into the path of the light 
from the lamp to the photocell it acted like a cylindrical lens and accordingly increased the amount of light 
falling onto the cathode of the photocell. Thus any pressure change must be coincident with the difference 
of light received by the two photo cells. This condition produced an electrical signal which, by means of 
appropriate circuitry consisting essentially of a d.c. amplifier, saturable core reactor and thermal leak heater, 
caused a change in the saturating current of the saturable core reactor which in turn controlled the power 
supplied to the leak connected with the ionisation chamber. In the case where the experiments were run with 
hydrogen in the chamber, a palladium thermal leak was used; in the case of other gases, a specially developed 
thermal expansion valve was employed. The latter was essentially a plug made from 410 stainless steel inserted 
into a tube made from 347 stainless steel. At room temperature the plug was a shrink fit but at a temperature of 
125°C gas could penetrate and at 225°C the rate of penetration was 100 c.c./hr. (air at N.T.P.). The device 
maintains a given pressure to within 0.03 mm. Hg for a period of at least 24 hours in the pressure range 1-10 
mm. Hg. The ionisation chamber in question had a volume of about 521. The normal rate of flow of gas through 
the chamber was 0.2-5.0 c.c./hr. at N.T.P. 

Sommaire: Description d’un régulateur de pression automatique, pour écoulement continu dans une chambre a 
ionisation opérant a des pressions comprises entre 1 et 10 mm. Hg. 


Sure Way to Test Condenser Tubes 
See Abstract No.: 39/I 


Method of, and Apparatus for, Detecting Leaks 
See Abstract No.: 38/I 


An Instrument for Leak Detection and Pressure Measurement in High Vacuum Systems 


Canada. Considerable difficulty was experienced with leaks in a rapid scanning mass spectroscope which was 
being developed for the study of cool flames. The vacuum system was to be operated continuously so a device 
was required for measuring and monitoring the pressure in order that ionisation and diffusion pumps could be 
switched off if the pressure rose above certain limits. A thermocouple gauge and control unit, almost identical 
to the Cenco pattern, was constructed for high pressure measurement and coarse leak detection using a methyl 
alcohol probe. Ionisation gauges (RCA Type 1949) were used for low pressures and a circuit was built that 
enabled them to be used for leak detection with an oxygen probe, as described by Dushman. Leakage indi- 
cation could be by meter or aurally, using a relaxation oscillator of the type described by Wouk (1946). The 
apparatus (for which a circuit diagram and block diagram are given) could be used for two separate vacuum 
systems at the same time, but leak detection could only be carried out on one. Araldite 985-E, prepared as a 
dipping varnish, brushed over a vulnerable area, has been found convenient for sealing leaks. The varnish 
is cured by means of a blue Bunsen flame, and will stand moderate reheating. 


Sommaire: Description d’un instrument pour mesurer la pression de gaz entre 107! et 10-7 mm. Hg. 


A Differential Leak Detector for Evacuated Vessels 


United Kingdom. Two Klemperer-type cold-cathode ionisation gauges are used in a bridge circuit to form an 
‘external’ type of leak detector. One of the gauges, G,, is connected directly to the evacuated vessel under test 
and the other gauge, Gg», is connected via a cold trap immersed in liquid air. Calor gas is used as the probe gas. 
When the gas enters the system through a leak the ionisation current of G, is found to increase whereas the 
pressure in G, falls because the calor gas is condensed in the cold-trap. Two bridge circuits are described. 
The first employs two tetrode cathode-ray tube guns, sealed in evacuated envelopes, for the balancing arms 
of the bridge. These guns provide a constant anode current independent of anode potential from 500 to 6,000 V. 
The gauge current is initially adjusted by altering the bias on the guns. An electrostatic voltmeter is used as the 
indicator. The potential recorded, however, fluctuated by about 100 V in the best balance position and, there- 
fore, this circuit was abandoned in favour of a simpler, less sensitive but more stable one which used an external 
galvanometer to indicate balance. Both circuits are arranged for switching to a ‘degassing position’ so that 
the electrodes of the cold-cathode gauges can be made red-hot by electron bombardment. Two vacuum systems 
are described; in one of these the sensitivity is improved by restricting the pumping speed, after initial evacua- 
tion, to allow gas to accumulate in the gauges. This restriction of speed is effected by two magnetically-operated 
butterfly valves. The pressure range of the gauges is stated to be 10°? to 10°° mm. Hg. The apparatus was 
developed to detect leaks in cathode-ray tubes. Leaks, causing the pressure in a 10-inch tube to rise up to 
10-8-10°? mm. Hg within a week, can be detected. The corresponding sensitivity of the method is about 
1—0.1 

Sommaire: Description d’un appareil developpé pour la détection de trés petites fuites dans les tubes 4 rayons 
cathodiques. 
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A Hydrogen Pirani Leak Detector using a Charcoal Trap 


United Kingdom. A robust, dynamic leak detector for the vacuum proving of a large number of components 
under production conditions was required. The use of a differential Pirani leak detector with carbon dioxide 
as the probe gas was unsuccessful because of irregular pressure pulses observed for periods lasting up to several 
hours after evacuation. The palladium ionisation gauge method was equally unsuccessful due to the con- 
tamination of the palladium barrier by impurities in the components. The instrument finally developed for 
the purpose consists essentially of a Pirani gauge in series with a charcoal trap, placed in a pipeline inserted 
between the first and the second vapour pump of a pumping unit consisting of two diffusion pumps in series 
served by a rotary fore-vacuum pump. The probe gas was hydrogen. The essential component in this arrange- 
ment is the trap containing activated charcoal. This material is known to absorb all atmospheric gases, if kept 
at low temperature, but only a small percentage of any hydrogen passing through it. In operation the com- 
ponent is shrouded by balloon fabric and hydrogen is blown into the bag. The component is pumped down in the 
normal way for five minutes. The flow through the trap circuit is restricted by valves in a suitable position, 
and a reading is taken on the gauge. The deflection shown is a measure of the size of the leak. In order to assess 
the actual size of the leak, a comparative reading is taken on a standard leak. The type of leak used for this 
purpose is described in Brit. Pat. Appl. No. 9312/53. The size of leak can then be calculated from the expression 
(standard leak) x (component response) / (standard leak response). Full-scale deflection in the particular case 
was equivalent to a leak of 107? 1. w/sec. The smallest detectable leak was of the order of 4 10741. u/sec. The 
amounts of hydrogen and air, respectively, absorbed by the activated charcoal, depends on both the flow rate and 
temperature. For instance, if the ratio of leak rate to volume of charcoal is 3 x 1071 1. w/sec. per c.c., 100% of 
air and 30% of hydrogen is absorbed at liquid nitrogen temperature, but no air or hydrogen is absorbed if 
the coolant is solid carbon dioxide and trichlorethylene. Thus, where the acceptable leak was below the above 
figure, solid carbon dioxide and tri¢hlorethylene was used as a coolant, and, where the acceptable leakage was 
greater, liquid nitrogen was used. In operating the method appreciable errors may occur in leak comparison 
as absorption is dependent on flow, but this can be overcome by stipulating, for instance, that any component 
tested which shows a higher leakage rate than the respective standard leak used in the run is to be rejected. 


Sommaire: Description d’un détecteur de fuite simple, robuste pour l’essai d’un nombre élevé de piéces, jusqu’ a 
1. u/s. 


Sensitivity of a Leak Detector Spectrometer 
See Abstract No.: 46/II 


An Improved Miniature Liquefier-Cryostat 

United Kingdom. An improved design of miniature liquefier cryostat of the type proposed by Chester and 
Jones (Proc. Phys. Soc. 66B, 1953, 296) is described whereby the glass Dewar vessel, previously employed 
to hold the pre-coolant (liquid oxygen) and surrounding the vacuum case, is replaced by a metal container 
of the re-entrant type, which in itself serves as the vacuum case. In the new design, the liquid oxygen is held 
in the upper portion of this container. This is made of stainless steel tubing and fitted with baffles to redirect 
the evaporating oxygen, as a result of which the outer wall of the case is at a temperature only slightly below 
room temperature. The upper part of the case is demountable and fitted to the lower part by an O-ring seal. 
The actual low-temperature part of the apparatus is surrounded by a radiation shield which is fitted with holes 
to permit evacuation of the interior. The new design allows for increased experimental space within the 
apparatus and, due to the suitable temperature of the outer wall, ‘windows’, etc., may be fitted to the latter. 


Sommaire: Afin d’éviter les limitations de l’espace experimental du liquefacteur-cryostat miniature de Chester 
et Jones, le vase Dewar en verre a été remplacé par un container en tube d’acier inoxydable. 


A New Helium Liquefier with Expansion Engine 


Germany. A new helium liquefier is described similar in construction to that of Simon and Long (Appl. Sct. Res. 4, 
1954, 237), but having the expansion engine built up of 20 steel annular plates, each 0.7 mm. thick, bolted 
on inner and outer rims, each 3 mm. thick, to form a bellows of minimum clearance volume. A hollow piston 
displaces the inner clearance volume. The gas inevitably leaking through such a bellows is collected in a 
case surrounding it and returned along the low pressure path of the heat exchangers back to the compressor. 
A hollow German silver piston rod, passing into and out of the main vacuum space via bellows, transmits 
the expansion work to a crank shaft which rotates a 180W dynamo, operating first as a motor. Adjustable 
contacts on the crank shaft actuate the electromagnetically operated inlet and exhaust valves. A two-stage 
compressor supplies helium at 10 normal m.*/hr. at 20 atm. to the liquefier, 70% of which is throttled in a regu- 
lator valve to about 5 atm. to be expanded in the engine to 1.5 atm. and is then used to cool the incoming 20 
atm. gas to 16°K before entering the final heat exchanger preceding the Joule-Thompson expansion valve. 
The resultant liquid is collected in a vessel suspended in the vacuum space. Pre-cooling with liquid air takes 
place after the first heat exchanger, consuming about 0.2 kg .of liquid air per kg. of helium gas flow. The whole 
assembly is in a brass case sealed with rubber rings and evacuated by a two-stage oil pump. The rate of helium 
liquefaction is 0.4 1./hr. 

Sommaire: Description d’un nouveau liquéfacteur d’hélium développé a |’Université de Berlin; cet appareil 
emploi un engine a expansion a soufflet du type proposé par Simon et Long. 
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Fully Automatic Plant for the Liquefaction of Helium 


Switzerland. A description is given of the Collins type of helium liquefier manufactured by A. D. Little, Inc. 
U.S.A. The actual liquefying chamber, including space for experimental work, is not larger than a fair-sized 
refrigerator. The helium is compressed in four stages to 15 atm. at a rate of 45 cubic meters per hour (NTP). 
Pre-cooling with liquid air is not necessary, but, if provided, reduces the starting time and increases the pro- 
duction rate of liquid helium. In the particular design described, the helium is pre-cooled by re-directing part 
of the gaseous helium into expansion engines and returning the cooled helium gas to the non-liquefied helium 
gas which streams back from the final expansion chamber. Details of the arrangement of the liquefying chamber 
are given in a sectional drawing. A table reproduced below gives a general picture of the efficiency of the 


Without Pre-Cooling | With Pre-Cooling 
by Liquid Air by Liquid Air 


Input of the Compressor 9.7 kW 9.7 kW 
Load required for the liquefaction 
of air 4kW 
Total input (excluding gains 
obtained though the expansion 
engine) 9 
Output of liquefied gas 2 
Energy requirements per litre 
liquefied helium 4 
Thermo-dynamic efficiency 5 


kW 13.7 kW 
1./hr 4.0 


6 kWhi/l. 3.4 kWhi/l. 
% 6-7% 


apparatus and specifies the load requirements. The liquefier can also be employed for the liquefaction of hydrogen 
by employing helium as a coolant and passing it through the apparatus in a closed circuit. The particular 
machine described has been installed at the Technische Hochschule, Zurich. 


Sommaire: Détails sur un liquéfacteur d’hélium du type de Collins installé a la ‘Technische Hochschule’ de 
Zurich. 


On the Construction of Linde Hydrogen and Helium Liquefiers 


United Kingdom. In hydrogen and helium liquefiers of the Linde type, the running-up time depends directly 
on the ratio of the heat capacity of the components to be cooled by the gas stream to that of the gas circuluted 
per second. This ratio should be small consistent with a good heat exchanger efficiency. The liquefaction rate 
also depends on the circulation rate of the gas which should be as high as possible. The rate of circulation 
is mainly limited by the permissible pressure drop in the low pressure return path of the gas. Laboratory 
liquefiers, which usually have exchangers of the coiled-coil type, offer considerable resistance to the low pressure 
return gas. A variation of the Hampson exchanger is described which is simple to construct and offers reduced 
resistance. It consists of a number of high pressure tubes coiled into long spirals and wound in parallel on a 
thin-walled drum. An outer drum serves to form an annular space up which the exhaust gases pass. To calculate 
the efficiency, reliable values for the thermal exchange coefficients must be found. These are obtained by the 
method proposed by Norris and Spofford. (See Vol. IV Abstract No. 131/II). Exchangers of this type operate 
between room temperature and pumped nitrogen at 64°K. With a total circulation rate of 28 cu.ft./min. 
giving 16 1. of liquid in the Dewars per hour, the overall pressure drop on the low pressure side of the liquefier 
is 0.09 atm. of which 0.03 is over the coiled-coil exchangers. This low pressure drop and the resultant low 
pressure over the hydrogen liquid (1.09 atm.abs.) facilitates steady running and quiet boiling during the 
drawing off. Exchangers of the coiled-coil type can equally well be applied to smaller liquefier-cryostat com- 
binations such as the Chester and Jones type. (See Abstract No. 127/II). 


Sommaire: Description d’un échangeur de chaleur du type Hampson qui a l’avantage de réduire la chute de 
pression de I’hélium retournant dans le systéme d’expansion d’un liquéfacteur du type de Linde. 


Liquid Nitrogen Generator 


United States. A low pressure laboratory nitrogen liquefier, starting from atmospheric air, is described, having 
an output of 45-50 1./hr. and a starting time of 2 hr. The plant has a net power consumption of about 50 kW 
and is designed for unattended operation, delivering liquid nitrogen at a pressure of 2 atm. into a 1,500 1. storage 
tank. A special feature of this plant isa 2-channel reversing heat exhanger built in two sections which precedes 
the actual liquefying part of the plant, the intake air flowing through one channel, and waste gas through the 
other in the opposite direction. By means of automatically operating reversing valves the two streams of gas 
are caused to exchange channels every 4.5 min. The purpose of this heat exchange is to remove water vapour and 
carbon dioxide from the intake air, which, in the reverse half of the cycle, is rejected with the effluent gas. In 
operation, the intake air, compressed to 13 atm., passes through an after-cooler and the first section of the revers- 
ing heat exchanger just mentioned. On emerging from the latter the air has a pressure of 12.5 atm. and a tem- 
perature of 200°K. This stream is divided into two parts, one flowing directly to the expansion engine and the 
other passing through the second section of the reversing heat exchanger where its temperature is reduced to 
125°K. The two streams are re-united immediately in front of the expansion engine resulting in a mixture at 
146°K and 12.5 atm. and after expansion emerge at a temperature of 87°K and a pressure of 1.5 atm. This gas is 
conducted to the bottom of a second exchanger, the liquefier. On rising through a bundle of tubes in the liquefier 
it combines with waste gas present, forming the effluent gas stream passing through the reversing heat exchanger 
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before it is ejected to atmosphere at the top of the liquefier. A stream of intake air, diverted from the portion 
which has passed both sections of the reversing heat exchanger, enters the space of the liquefying column 
surrounding the tubes just mentioned. 40% of this air passing down the column is liquefied as a result of heat 
exchange with the expanded air moving up inside the tubes and the mixture of liquid and gas collecting at the 
lower end of the liquefier is conveyed, via a pressure regulating valve, to the bottom of a rectifying column 
maintained at 6 atm. From here the liquid portion of the mixture, enriched by the liquid dripping down the 
rectifier column, is passed through a separate pipe line, via an expanding valve reducing the pressure to 1.5 atm., 
into a boiler condenser, fitted to the top of the rectifier column. The liquid arriving at the boiler condenser has 
an estimated mole % of oxygen of 65 and at the pressure stated it boils at 87°K. The gaseous portion of the 
mixture supplied from the liquefier passes up the interior of the rectifier column until it reaches a battery of 
tubes in the boiler condenser surrounded by the liquid boiling at 87°K, having been stripped of its oxygen content 
on the way. The saturation pressure of pure nitrogen at this temperature is 2.5 atm. Thus the gas condenses and, 
according to the design of the condenser, is partly collected in a trough and partly returned to the rectifying 
column. The liquid collecting in the trough is conveyed to the storage tank via a valve reducing its pressure to 
2 atm. The gas boiled off in the condenser and in the storage tank is returned to the liquefying system and 
rejoins the processed air just in front of the liquefier column. All construction details of the reversing heat 
exchanger, expansion engine, liquefier column and rectifier are given in great detail. The plant which has been 
in use since March 1953 is normally run at night, 7.e. from 5 p.m. to 9a.m. but at times has been operated without 
interruption for a period of several days. 


Sommaire: Description d’un liquéfacteur d’azote ayant une capacité de 40 a 50 litres par heure. 


Construction of a Gas Refrigerating Machine 

Holland. The small gas refrigerating machine described is designed for liquefying air, giving an output of about 
5.5 kg. liquid air per hour. The ‘specific shaft power’ is 1.0 kWh. per kg. of liquid air. The machine may also 
be used for liquefying gases such as nitrogen, argon, oxygen or methane; for gas separation, e.g. the fractionation 
of air, and for pre-cooling hydrogen that is to be liquefied by conventional means. The cycle of operations 
consists of compressing a quantity of gas at room temperature, cooling it to a low temperature, expanding it— 
thus producing the required refrigerating effect, and finally re-heating it to room temperature. Cooling and 
reheating are effected by the exchange of heat in a regenerator. Volume changes of the gas are effected by 
means of two pistons driven by a shaft which rotates at about 1,440 r.p.m. One piston, the main piston, varies 
the volume of the entire working space. The second, or ‘displacer’, piston is coupled to the first in such a way 
that it sets up a periodic flow of gas between the space separating the two pistons and the space above the 
displacer. These two spaces form the compression space and the expansion space respectively. The gas pressures 
in the two spaces are nearly the same so that there is little gas leakage from the expansion space and consequently 
little loss of ‘cold’. Gas flows out of the compression space through ports to the space containing the cooler, 
the regenerator and the freezer. The upper end of the freezer is connected to the expansion space and its outer 
surface forms the condenser for the air which is to be liquefied. The air reaches this condenser surface through a 
system of cold plates on which the water vapour and the carbon dioxide in the air are precipitated as frost. 
As the air need not be compressed, the liquid air produced is completely free from oil. Practical machines of 
the type described have an optimum range, at present, of —80°C to —200°C, the efficiency being impaired at 
higher temperatures by losses in shaft power and at lower temperatures by losses in refrigerating power. Heat 
transfer in the machines and hence the refrigerating capacity can be improved by raising the working pressure 
within certain limits. These limits are set by mechanical considerations and by the fact that in the high pressure 
range a decline of refrigerating capacity is observed in practice at increasing pressure. The particular refrigerator 
described works with a pressure which varies between 16 and 35 kg./cm*. at a shaft speed of 1,440 r.p.m. 
Altering the pressure or the shaft speed alters the refrigerating capacity. 


Sommaire: Détails d’une petite machine a refroidissement 4 gaz, pouvant étre employée pour liquéfier I’air, 
l’azote, l’argon, l’oxygéne ou le methane. 


Flow Production of Hermetically Sealed Units for Domestic Refrigerators 


United Kingdom. Details are given of the production arrangements made for the manufacture of hermetically 
sealed units for domestic refrigerators produced by Prestcold (H12) at their Theale factory. The main interest 
of the article lies in the flow production methods described. The units manufactured incorporate a sealed motor 
compressor unit, a condenser, an evaporator, connecting tubing, electrical leads and controls, efc. The main 
production stages are given as follows: (1) Delivery of stator housing castings and other components from 
the stores. (2) Alkali spray cleaning of stator housings. (3) Machining of stator housings. (4) Alkali spray 
cleaning of machined stator housings. (5) Inspection and grading of stator housings and other components, 
which are made or assembled in another part of the same factory or bought out. (6) Graded assembly of motor 
compressor units, with stator units as base members. (7) Assembly of complete refrigerator systems. (8) 
Charging with refrigerant gas and oil. (9) Performance testing. (10) Packing and despatch. Drying of the 
sealed compressor units is effected by a combined heating and vacuum process, 24 ovens are available for this 
processing stage and details are given of the arrangements made to sychronise this operation with the rest of 
the production flow. A second vacuum dehydration process for the whole of the refrigerator system is arranged 
at a later stage. Subsequently the units are attached to an overhead chain conveyor which moves round a 
turntable rotating at synchronised speed and carrying four vacuum pumps. The systems are connected to the 
pumps for evacuation which is completed whilst the systems have moved a complete circle round the table. 
The systems remain on the conveyor and are subjected to a 4-hr. vacuum test while being moved backwards 
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and forwards six times across the room. They are then transferred to another conveyor for charging with oil 
and refrigerant which is carried out automatically, and vacuum testing. All three operations are carried out 
while the system is moving. Finally the unit is tested for leaks by means of an electronic method which would 
detect a leak of 1 oz. of refrigerant in ten years. 

Sommaire: Description détaillée des systémes de réfrigération employés dans les réfrigérateurs domestiques 
et fabriqués par Prestcold; le vide est employé a certains moments de la production. 


Improvements i.o.r.t. Closures for Lyophilisation Containers 
See Abstract No.: 31/IV 
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Vacuum Deposited Thin Films 
See Abstract No.: 43/I 


Vacuum Coating Technique 


Switzerland. After a brief discussion of the sputtering technique, a thorough review is given of the vacuum 
evaporation technique, addressed specifically to the watch- and clock-making industry. All components of a 
standard coating plant are discussed in detail. The rotary pump required to reduce the pressure on the backing 
side of the diffusion pump produces a pressure of the order of 0.02 mm. Hg and is normally of the rotary vane 
type. Cleanliness of the pump oil is important and is ensured if a trap, operating by chemical absorption or 
refrigeration, is placed in front of the pump. The diffusion pump, if mercury is employed as the fluid and a 
liquid air trap is used, will produce an ‘ultimate’ of 10°° mm. Hg. Alternatively, an oil diffusion pump can be 
used which, if constructed as a two-stage pump, will produce an ultimate vacuum of 10-6 mm. Hg. The diffusion 
pump speeds vary from 10-12 1./min. to several thousand litres per minute. Valving arrangements include a 
valve to isolate the diffusion pump and a needle valve to admit controlled amounts of air to the work chamber as 
well as a by-pass valve in the backing line to permit roughing down of the work chamber by the rotary pump 
direct. Finally, provisions for ion bombardment are mentioned which is effected to clean the substrate to 
be coated and to eliminate any oil vapour which may be present in spite of baffling arrangements. Cleanliness 
of the substrate increases the adhesion of the film to the support. Ion bombardment is carried out at moderately 
reduced pressure and at voltages reaching up to 10,000V. There are two gauges, one, for the pressure range from 
10 mm. down to 10° mm. Hg being a Pirani gauge, and the second an ionisation gauge for measurements in 
the range of 5 x 1073 to 10°° mm. Hg. The working principle of both gauges is explained. Methods of measuring 
the thickness of the deposit are also mentioned. Evaporation source materials as well as the evaporation 
temperatures of various materials used in metallising at 10-2 mm. Hg are shown in a table reproduced below. 


30 — EVAPORATION — 30 


Source 


Evaporation 
Evaporated Melting Temperature 
Material Point at 10°? mm. Hq 
Aluminium 658° 1188° 
Chromium 1920° sublimation 
at 917° 

Copper 1084° 1267° 
Gold 1063° 1172 
Silver 960° 1046° 
Calcium Fluoride 1330° 
Cryolite 1000° 
Magnesium Fluoride 1395° 
Silicon 1500—1600° 
Zine sulphide 1045° 


Tungsten 
Tungsten 


Tungsten or 
Molybdenum 
Molybdenum 
Molybdenum 
Molybdenum 
Molybdenum 
Molybdenum 
Tungsten 

Molybdenum 


to watch and clock dials may produce new effects. 


Sommaire: Une revue des techniques d’évaporation sous vide introduites dans l'industrie horlogére et leur 


emploi dans ce domaine. 


Metallised Plastic Films 
See Abstract No.: 46/I 


Metallic Coatings on Non-Metallic Materials IV. Vacuum Coating Methods 
United Kingdom. The merits of the deposition of thin films by vacuum methods are reviewed. In detail, 
the following advantages are listed: The films are extremely thin. Metals can be deposited which cannot 
be precipitated out of solution. Conductivity of the base material, or lack of it, is immaterial. The processing 
temperatures involved are comparatively low. One metal can be deposited on another far removed from it 
in the electro-magnetic series, such as gold on aluminium. The method is employed in the decorative as well 
as in the technical field. The base material can be metal, plastics such as cellulose nitrate acetate, poly- 


Evaporation techniques are employed to produce Fabry-Perot filters and multiple dielectric interference 
filters. In the case of the former, transmission pass bands as narrow as 5.5 my (at half peak height) can thus 
be obtained. The multiple-layer filters consist of up to 25 layers, the thickness of which ranges from a quarter 
to one wavelength. Combinations of the two types of filters may produce a pass band width not exceeding 
4-8 mu. Blooming of lenses by means of the evaporation technique has increased the light transmission 
in cameras fitted with a triplet lens arrangement to about 95%. 
of the range of applications of the technique and concludes with the recommendation that the merits of the 
techniques be investigated with respect to watchmaking. For instance, a suitable application of the techniques 


The author proceeds to give a general survey 
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styrene, etc., or textile fabrics such as linen, jute, hemp, leather, etc. The manufacture of condenser papers 
is mentioned, and the production of optical filters is discussed. The colour produced in transmission by 
certain metals deposited on glass by the method is given, see below. The fundamental processing steps of the 


Metal 


Colour 


Silver Rlue-violet 
Chromium Brown 
Aluminium Blue 

Gold Green 
Copper Green 
Selenium Orange 


vacuum evaporation process are listed. Finally, the cathode sputtering process is mentioned and, as a third 
method, the process of introducing the metals to be evacuated, in the form of rods or ‘pencils’, into the vacuum 


Article by chamber, and producing an arc between them by a suitable source of power, as a result of which vapours 
Ind gg are formed and deposited on a substrate placed in a suitable position. 
Sept. 1955 ommaire: Une revue générale sur l’intérét de couches minces déposées sous vide dans les domaines industriels 
104-105 et décoratifs. 


5/III Thin Metallic and Colloidal Films 
See Abstract No.: 135/I 


High Vacuum Metallising 


United States. High vacuum metallising is discussed with particular reference to the aspects of the process 
which may interest the lacquer specialist. The author distinguishes between the application of the method 
to ‘first surfaces’, which are areas normally painted or coated, and ‘second surfaces’ which are situated on 
the reverse side of clear plastics, the finished object being viewed through the plastic. So far as the latter 
is concerned, the method has been established for some considerable time, but due to certain difficulties 
inherent in the nature of the deposit, applications to ‘first surfaces’ developed slowly. The author proceeds 
to give certain details of the actual evaporation process, stating that aluminium is the most popular material 
used for coating, and that the operational pressure should be 0.5 » Hg. Reference is made to the importance 
of adequate jigging. Base materials may be metals, plastics or glass. It is difficult to employ wood or porous 
ceramics as base materials, due to excessive outgassing of these materials in vacuum. One factor which has 
an important bearing on the progress of this technique is the availability of suitable organic coatings, normally 
called ‘lacquers’ by the vacuum specialist. Special materials have to be developed which cover the full range 
of modern industrial coatings, such as thermosetting, thermoplastic, and oleoresinous. Such coatings are 
applied in every conceivable form, by manual spraying, dipping, flow coating, or electrostatically. Two 
methods are employed to introduce colour—the ‘Dye Dip’ method, whereby the top coated object is dipped 


Article by into a penetrating dye leaving a transparent colour film on the object, and the ‘Colour Coat’ method which 
Ongeuio Finish involves the addition of transparent colours to the protective top coating. 
June 1955 Sommaire: Une revue de la métallisation sous vide poussé du point de vue des spécialistes du laquage. 


7/IlI Transparent Phosphor Coatings 
See Abstract No.: 57/I 


Metallisation of Glass, Porcelain, etc. in High Vacuum 


Germany. The vacuum evaporation method can be employed for the coating of base materials irrespective of 
whether they are electrically conducting or not. The appearance of the deposit replicates the appearance 
of the base material surface. If the latter is of non-specular appearance the deposit will appear matt unless 
the base material is coated with lacquer prior to the deposition of the metal. A table is given of the various 
sizes of coating plant available (from German manufacturers) for the purpose. The smallest and largest of 
these are shown in the table below. In operation the components to be coated are placed on jigs and the 


Evaporation Plant A 06 A 13 


Work chamber diameter . 300 2,000 
Work chamber length mm. 300 2,000 
Plant Dimensions: 
Length mm. 650 7,000 
Width mm. | 1,600 3,800 
Height mm. | 1,350 2,600 
Surface area available for coating m?. 0.12 9-19 
Power consumption kW 3 40 
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jigs are inserted in the work chamber. Pumping is carried out in two stages. The first stage comprises rough 
pumping down to 10-2 mm. Hg and should take between 2 and 10 minutes. There follows cleaning by bombard- 
ment which should last a few minutes. Finally, the pressure is reduced to that required for actual evaporation. 
This should last between 3 and 30 minutes. [he evaporation process itself never exceeds a few minutes. 

Sommaire: Une revue des procédés de métallisation du verre, porcelaine, etc., sous vide poussé, et détails de 
la dimension des appareils. 


On The Influence of the Glass Substrate on the Properties of Thin Films 


Germany. The optical microscope has been used to investigate the formation of surface layers on different 
types of glass treated in a variety of ways. Dark field illumination was used with films of high refractive index, 
and a series of photomicrographs have been reproduced to illustrate the effect of surface contamination on 
the growth of a vacuum deposited layer. Micrographs of titanium dioxide films show that there is a large 
difference between films deposited on baked and unbaked glass, and on fire-polished glass. It is assumed 
that, in the fusion of the glass, certain inhomogeneities develop which are revealed by the deposit. The effect 
of water vapour can be divided into three stages: (i) The formation of a hydrated silicate, (ii) dissociation to 
silicic hydrate and free alkali, (iii) combination with atmospheric carbon dioxide. There can thus exist on 
the glass surface by-products of the hydrolysis such as caustic soda, sodium carbonate, and silica gel. Water- 
evolving layers of silicic hydrates can be detected on a glass surface by the condensation of cadmium or zinc 
vapour in high vacuum. Cadmium does not normally condense on clean glass unless crystallisation nuclei are 
present. Imperfections of the surface are therefore revealed by the condensation of cadmium around such 
nucleation centres. For example, if specimens of blown glass and quartz are treated with water vapour at 
100°C for several hours, cadmium will condense on the glass but not on the quartz, showing the presence 
of a water-containing layer on the glass surface, but once the glass has been exposed to atmosphere for some 
time, cadmium will no longer condense on it. This is attributed to the formation of a gelatinised layer which 
evolves much less water than the original spongy type of surface. Experiments are reported confirming these 
assumptions. Silicon monoxide was evaporated in the form of strips on the surface and, subsequently, small 
drops of water were applied to the layer and the bare surface and dried. Finally, cadmium was deposited 
on the surface. The following conclusions were arrived at: (i) SiO layers are oxidised in air to SiO,, the action 
being accelerated by heat and by the presence of water vapour. (ii) Upon contact with water the formation 
of a silicic hydrate sponge on the glass surface is indicated. In the presence of free alkali this may become 
silica gel. (ili) The films on quartz are oxidised to SiO,, but there is no indication of the presence of either 
silicic hydrate or silica gel. Having established the possible causes of contamination on glass surfaces, the 
second part of the investigation was to study its effect on the optical and electrical properties of thin platinum 
films deposited on such surfaces. Platinum films were sputtered first in hydrogen and then in oxygen on strips 
of soda glass, borosilicate glass and flint glass. Optical absorption of the films over a range of wavelengths 
and electrical conductivity at different thicknesses were measured. The results obtained with layers sputtered 
im oxygen suggest that the surface contamination has some influence on the film properties. Layers of equal 
thickness produced simultaneously are always least metallic on soda glass, more metallic on borosilicate 
glass, and most metallic on flint glass. This conforms to the interpretation of surface conditions discussed above. 
The influence of the glass substrate is most pronounced in the case of very thin films. 


Sommaire: On a étudié l’effet de la vapeur d’eau sur les proprietés des surfaces de plaques de verre, en particulier 
l’adhésion de couches de métaux évaporés. 


The Temperatures Attained at the Surfaces of Growing Deposits, and the Origin of Stress in Deposits 
See Abstract No.: 137/I 


Some Applications of Single and Multilayer Films 

United Kingdom. The preparation of anti-reflection films, protective films, neutral filters, and aspherising 
surfaces are discussed. Only 92-93% of light incident on a crown glass block will emerge from the opposite 
face. The remainder is reflected at the two glass/air surfaces. The energy reflected is expressed by (n,—,)? 
/(m,y+m,)?. Considering that the optical system of a high-power microscope for instance, contains 10-12 
glass/air interfaces, the losses through reflection may become appreciable. This condition can be improved 
if a coating is applied of an optical thickness (physical thickness x refractive index) equal to one quarter of 
the wavelength of the light for which reflection is to be eliminated, and if its refractive index nf = ng, where 
ng is the refractive index of the glass. Normally the values are chosen to effect elimination of reflection of 
the wave at the middle of the visible spectrum. Crown glass has an index of 1.5, and consequently the material 
of the anti-reflecting film should have an index of 1.22. Suitable blooming materials are few. Magnesium 
fluoride (n = 1.38) gives a satisfactorily hard coating and reduces the reflectivity of crown glass from 4 to 
1.4%. Cryolite (n = 1.30) gives better results but is less durable. An index of 1.23 in the coating material 
can be obtained by evaporating calcium fluoride at relatively high pressures (10°? mm. Hg), but this film 
is porous and has no abrasion resistance. The accuracy of blooming can be improved by employing a two- 
film system. The latter consists of a half-wavelength layer of high-index material covered by a quarter- 
wavelength layer of low-index material and in this manner the reflectance is zero at 2 points in the spectrum 
according to the refractive indices of the materials used. The method can be extended to cover multi-layers 
of high numbers with a corresponding increase in the number of points in the spectrum at which no reflectance 
is obtained. Two non-vacuum methods of obtaining anti-reflection films are mentioned. Two types of 
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protecting film are discussed: (a) Silicon monoxide films evaporated from molybdenum sources at about 
1,200°C onto aluminium mirrors deposits at a thickness of about 2,000 A and (b) anodising treatment of the 
aluminium deposit to form an oxide film on the aluminium surface. The data given is similar to that given 
in Abstract No. 120/I. With regard to neutral filters, reference is made to the Banning method which provides 
for the deposition of Chromel A (80% Ni, 20% Cr) in order to produce filters with almost exactly constant 
transmission over the whole of the visible spectrum. Finally, details are given of the methods employed for 
the production of aspheric surfaces which are used in reducing aberrations in optical systems. 


Sommaire: On discute en détail les différents aspects de l’application de couches trés minces, telles que couches 
réfléchissantes, couches de protection, filtres neutres. 


Improvements i.o.r.t. Optical Devices Incorporating Eye-Protective Filters 
See Abstract No.: 217/I 


Improvements i.o.r.t. Optical Interference Layers 
See Abstract No.: 118/I 


Improved Methods for Producing Interference Filters 
France. The production of all-dielectric interference filters necessitates an accurate method of controlling 
layer thickness. A technique is described which is a modification of that due to Giacomo and Jacquinot, and 
which enables such filters to be constructed without the use of control surfaces. With this method the position 
of a filter pass-band may be located to within + 20 A. The useful area of a filter is limited by the non-uniform 
thickness of evaporated layers. Results are given of the increase in this area made possible by rotating the 
glass substrate during deposition. 

(Science Abstracts) 
Sommaire: Description d’une méthode de contréle de l’épaisseur de couches, dans la préparation de tous les 
filtres d’interférence dielectriques. 


Improvements i.o.r.t. Light Filters and Methods of Manufacturing Such Filters 
See Abstract No.: 120/I 


Problems on Precise Measurements of Thin Films 


Japan. This abstract from an article in the Japanese language journal mentions methods of determining 
the optical refractive index and thickness of a thin film. Drude derived an approximate formula from the 
ratio of the reflectivities of the parallel and perpendicular components of polarisation of incident light, and 
the phase difference between these two components in the reflected light. This is valid only for very thin 
films. A formula given by the authors in J. Mech. Lab., 8, 1954, 122, is not so restricted, though the film 
should be homogenous, isotropic, and of refractive index not higher than 2.50. The method may be applied 
to analysis of films prepared by vacuum evaporation, and has been used to give a criterion for lack of homo- 
geneity in such films. 

Sommaire: Description d’une méthode pour déterminer l’indice de réfraction et l’épaisseur optique de couches 
minces; cette méthode est dite étre supérieure a la méthode proposée par Drude. 


Tolansky Gauge for Rapid Measurement of Film Thickness 
See Abstract No.: 117/I 


Optical Aspherising by Vacuum Evaporation 
See Abstract No.: 125/I 


Graphical Study of the Optical Properties of Thin Films of Low Absorption Material with a Refractive Index 
Smaller than that of the Substrate 


See Abstract No.: 121/I 


Dispersion of Zinz Sulphide and Magnesium Fluoride Films in the Visible Spectrum 
See Abstract No.: 122/I 
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Optical Properties of Cadmium Sulphide and Zinc Sulphide from 0.6 Micron to 14 Microns 


United States. Cadmium sulphide and zinc sulphide films have been deposited on a substrate of known optical 
properties in the range considered, and reflectance and transmittance measurements have been taken which 
were evaluated according to a formula developed in the article for the case of small absorption (applicable here) 
to give the indices of refraction and absorption in the spectral region from 0.6 uw to 14 uw. The thicknesses of 
the films investigated were 1—4 yu in the case of zinc sulphide, and 0.5—2 yu in the case of cadmium sulphide. 
Details of the method of evaporation employed are given. Prior to use the powder was chemically heated under 
vacuum at 900°C and subsequently outgassed at 1,300°C and the powder was then repulverised and fed into 
a quartz crucible to a depth of } inch. The heater filament was in contact with the powder. Prior to its 
evaporation the powder was re-outgassed at 850°C for half an hour. Actual evaporation took place at about 
1,400°C in the case of zinc sulphide and at about 1,000°C in the case of cadmium sulphide. The operational 
pressure was 0.1 uw Hg or less. The substrate temperature never rose above 100°C. The substrate was glass or 
rock salt. The substrates were ground and polished with an angle of 3° between the front and rear surfaces 
to eliminate reflection from the rear surface of the substrate. Film thickness was determined by multiple 
beam interferometry. X-ray diffraction patterns were obtained of the powders before and after heat treatment, 
and after deposition. In the case of the zinc sulphide, the deposited material was amorphous with some 
crystalline structure present; in the case of the cadmium sulphide, the evaporated film had a cubic crystalline 
structure. Five spectral photometers were used in the investigation. A constant deviation prism spectro- 
meter in conjunction with a photomultiplier was used in the visible spectrum. A Beckman double-beam 
recording spectrophotometer was used in the range of 0.5 u to 2.5 u as wellas a single-beam recording spectro- 
photometer. A Perkin-Elmer double-beam recording infra-red spectrophotometer was used for the range 
of 2 u-14 uw. In the same region a Baird Associates double-beam recording infra-red spectrophotometer was 
used. The absorption coefficient of zinc sulphide was determined to be 0.001, being constant throughout the 
range investigated. The absorption coefficient of cadmium sulphide depended upon the deposition rate in the 
range up to 6 u and at higher wavelengths showed a consistent upward slope. Details of the results are given 
in graphs. The refractive index of cadmium sulphide ranged from 2.52 at 0.6 yu to 2.26 at 14 uw. The refractive 
index of zinc sulphide varied from 2.34 to 2.15. Both were independent of deposition rate. 


Sommaire: L’indice de réfraction et le coefficient d’absorption de couches de cadmium et de sulphures évaporées, 
de l’ordre de 0.6 a 14 microns ont été determinés par la reflection photometrique spectrale et les mesures de 


transmission. 


Method of Forming Cadmium Sulphide Photoconductive Cells 


United States. The photoconductive property of cadmium sulphide has been well known for some time but 
its use in a photoconductor has been limited due to difficulties in producing steady photo-currents and due 
to the fact that cadmium sulphide has a relatively high conductivity in the dark. The latter, in particular, 
prevents its effective use in television pick-up tubes where the minimum dark resistivity should be of the 
order of 109-1011 ohm. cm. The author describes a method of preparing cadmium sulphide films of a thickness 
of about 700°-800°C, the subliming cadmium sulphide will essentially deposit in the target area, forming the 
the dark resistivity of the films being improved by a factor of 4-5 over those experienced in the past. In one 
arrangement, the cadmium sulphide is placed in a ceramic boat and the latter, together with the target, is 
placed in a tube through which hydrogen or nitrogen gas is passed. By heating the crucible region more 
intensely, 7.e. at 1,000° or 1,200°C respectively, and keeping the area where the target is located at a temperature 
of about 700°-800°C the subliming cadmium sulphide will essentially deposit in the target area, forming the 
desired layer on the support. An alternative method provides for evaporation under vacuum employing a 
pressure of 10° to 10°° mm. Hg and evaporating the material from a tungsten wire basket. The evaporating 
temperature is about 830°C. In order to protect the tungsten filament, the latter should be coated with 
aluminium oxide. The desired dark resistivity properties of the cadmium sulphide layer, prepared in this 
manner, can be obtained by baking the deposit on its support, in an atmosphere containing oxygen, for more 
than about 10 min. at a temperature between 250° and 650°C. At 450°C the baking period may vary from 5 min, 
to half an hour in order to increase the dark resistivity figure from 10® to 10% ohm. cm. The effectiveness 
of various processing temperatures is shown in a graph which gives typical curves of currents measured at 
room temperature after the completion of the baking treatment. 


Sommaire: On propose de soumettre les couches de sulphure de cadmium, du type employé dans les tubes de 
camera de télévision, 4 un traitement de chaleur d’environ 450°C afin d’augmenter leur résistivité a l’obscurité 


jusqu’a une valeur acceptable. 


Reflectance of Magnesium Oxide 
United States. The reflectivity of smoked magnesium oxide coatings has been investigated before, but usually 
the sample was deposited on integrating spheres of opaque material such as polished silver and magnesium 
carbonate and neither the thickness nor the light transmitted nor the uniformity of the layer was taken into 
account. In the present series of experiments a Pyrex glass sphere was used of a diameter of 15.55 cm. with 
the entrance and observing apertures in a horizontal plane at right angles to each other. The sphere consisted 
of two parts of 13.61 cm. diameter which were joined in a horizontal plane. The measuring equipment consisted 
of a 6 V tungsten filament lamp emitting light which was condensed by two lenses before it entered the sphere; 
the entrance slit of a monochromator was situated at the observation aperture and a photomultiplier tube 
was situated at the exit slit of the monochromator. Various methods of applying the magnesium oxide coating 
were tried. The method finally employed was that of electrostatic deposition. After depositing a transparent 
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conductive coating of SnO, to the inside of the sphere, the magnesium was burned on a fine wire screen positioned 
three inches below the opening of the sphere while a d.c. potential of 6,000 V was applied between the conductor 
coating and the screen (with the screen earthed). This produced uniform coatings varying from 0.2 to 8.0 mm. 
thickness, none of which appeared to be entirely opaque. No difference could be detected by microscopic obser- 
vation in the granular structure between electrostatically deposited coatings and direct-smoked coatings. 
The theory of the photometric sphere was used to determine the coefficient of reflection. In experiments 
using a CIE source the calculated reflectance of 1, 6, 8 mm. thickness of coatings was 0.9421, 0.9830, 0.9893 
respectively. The reflectivity over the visible spectrum varied with the thickness; at small thicknesses the 
reflection was bluish, at large thicknesses the reflection was ivory and at intermediate thicknesses showed a 
greenish reflection. The authors show that, in the case of the thick coatings, their results agree well with those 
obtained by Benford, Lloyd and Schwartz who measured thin coatings on magnesium carbonate, and in 
the case of the thin coatings the results of the authors are close to those obtained by Middleton and Sanders 
who measured magnesium oxide reflectance on polished silver. 


Sommaire: Des mesures ont été faites de la réflectivité spectrale de dépéts de fumes d’oxyde de magnésium 
déposés electro-statiquement et d’épaisseur de 0.2 a 8 mm. 


Preparation, Properties and Optical Applications of Thin Films of Cerium Dioxide 


United States. The two substances most suitable for use in high refractive index layers of multilayer optical 
interference filters are zinc sulphide and titanium dioxide. However, zinc sulphide films have to be baked 
after deposition if they are to be really hard and stable. Titanium dioxide films have extremely good mechanical 
and chemical durability, but it is only titanium metal that can be readily evaporated. An oxidation process 
is therefore necessary after evaporation of the metal onto the surface to be coated. The authors have found 
that cerium dioxide films are extremely durable and their deposition requires neither baking nor oxidation 
processes. The films can be boiled in salt water for many hours and show good resistance to corrosion and 
abrasion. The films can be formed at a rate of 30-50 A per second by evaporation of the oxide from heavy 
tungsten boats at a pressure of 1-3 x 10> mm. Hg. The reflectance of the films and the refractive index of 
the oxide depend on the state of the oxide used and on the temperature of the surface onto which the material 
is evaporated. Curves given show that the refractive index and the reflectance of a single film are both raised 
if the material is previously degassed and the glass substrate is heated. Negligible absorption takes place 
in the film and is refractive index for light of 4 = 550 u is 2.2 at a substrate temperature of 25°C, and 2.4 
at 300°C, using degassed material. The reflectance for a single-layer quarter-wavelength film at 4 = 550 u 
is approximately 36% when the base temperature used is 300°C and 30% when it is 50°C. The application of 
cerium dioxide in combination with magnesium fluoride is illustrated by curves showing the performance 
of a 3-layer combination CeO,—MgF,—CeO, which has a reflectance of 71% at 525 yu. Another set of curves 
shows the improvements that can be achieved in the performance of an aluminium mirror by coating it with 
a reflectance-increasing film pair MgF,—CeO,. 


Sommaire: On étudie les propriétés optiques de couches d’oxyde de cerium évaporées, et on discute leur utilité 
dans les combinaisons de film multi-couches. 


The Optical Properties of Thin Oxide Films on Tantalum 


United Kingdom. Thin stable brightly coloured oxide films can be formed on the surfaces of metals like 
tantalum and zirconium by subjecting the metals to thermal or electrolytic treatment. Many of the surface 
properties of the metals depend on these oxide films and a knowledge of the absolute film thickness is therefore 
of interest. A direct optical method of measuring the thickness which does not involve a knowledge of any 
physical parameter concerning the oxide film (such as its density or dielectric constant) is described. Such 
a procedure is preferable as the physical parameters of the oxide films which are used in indirect film thickness 
determinations need not necessarily be of the same value as those of the bulk oxide. Metals which appear to 
become coloured on oxidation include copper, nickel, steel, chromium, gold, iron and zirconium. Tantalum, 
which was used in these experiments, exhibits brilliant colours when oxidised. The coloration is due to optical 
interference which takes place between light reflected at the air-oxide interface and light which has penetrated 
the oxide and is reflected by the metal. Multiple reflections may take place within the oxide film and the 
successive emergent rays will interfere with each other because of varying optical retardations. The factors 
determining the coloration are the thickness, reflectivity and absorption of the oxide, the absorption of the 
base metal and the scatter from surface irregularities. As the film thickness is increased, the colour of the 
reflected light follows a regular sequence like that of Newton’s rings. Carefully cleaned specimens of 99.9% 
tantalum sheet were oxidised electrolytically in a semi-normal solution of ammonium borate in water. Forma- 
tion voltages in the range of 3 to 300 V were employed using an initial current of 2.5 mA/cm?. Oxidisation 
was terminated when the current to the specimen at the formation voltage had dropped to 0.1 mA/cm?. 
Under these conditions the film thickness is proportional to the formation voltage. The positions of the 
reflection minima of each sample were measured in the range 2,000—10,000 A using a modified Unicam ultra- 
violet spectrophotometer. From the measurements, the refractive index of the film and the variations of 
refractive index with wavelength were determined. Values of the index are 2.84 at 3,000 A and 2.42 at 8,000 A. 
A voltage-thickness conversion factor of 16.0 A/V was determined and used in the calculations. The phase 
change on reflection at the metal surface was found to change from 0.2 x radian at 2,700 A to 0.8 x radian at 
8,000 A. A graph relating absolute film thickness to formation voltage is given. With a formation voltage of 
300 V the oxide film thickness is about 4,800 A. 


Sommaire: Une méthode optique directe pour montrer |’épaisseur de couches minces d’oxyde stable et brillam- 
ment colorées déposées sur des métaux tels que tantale et zirconium par traitement thermique ou electrolytique. 
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Electron Micrographs from Thick Oxide Layers on Aluminium 
See Abstract No.: 69/II 


Preparation and Infra-Red Properties of Aluminium Oxide Films 


United States. For the optical measurement of evaporated metal deposits in the infra-red region, it is desirable 
that the material of the support transmits this portion of the spectrum. Aluminium oxide is known to have 
high infra-red transmission and resistance to elevated temperature and the work described here was carried 
out to develop a method of obtaining large-area oxide films for use as supports. Both sides of a sheet of 
aluminium foil, 4 inch. by 34 inch., free from pin holes, was anodised to the required thickness, using an aqueous 
solution of ammonium citrate (3% by weight), adjusting the voltage according to the thickness required. 
The thickness ratio was about 13-14 A per volt. The anodised foil was placed between two }-inch thick glass 
plates 3} inch. x 34 inch. Each glass plate had a hole of 2? inch. in the centre. Then, with the assembly in a 
horizontal position, concentrated sodium hydroxide solution was painted over an area of, say, 2 inch. in 
diameter of the upper face of the exposed circle of the anodised foil as a result of which the anodised layer 
on that side was removed from the aluminium supporting it. After a washing process the aluminium uncovered 
by the sodium hydroxide treatment was dissolved with hydrochloric acid leaving the free anodised film on the 
opposite face joined at its periphery to the adjacent anodised aluminium foil. After washing and drying the 
assembly, it was found that the glass plates adhered firmly to the anodised foil. In order to mount the films 
on glass rings for a further study a special apparatus was constructed to transfer the aluminium oxide films 
from the glass plate assembly to the glass rings. The latter were made from Pyrex tubing 46 mm. diameter 
and 4.5 mm. long. Full details are given of the transfer device. Films were prepared at 30, 50 and 100 V, 
and, on weighing with the help of a micro-balance, substantial agreement with Walkenhorst’s results was 
established. The above ‘thickness to voltage’ ratio was thereby confirmed assuming a density of about 3.42 
g./c.c. The infra-red transmission reflectance of the films baked at 120°C was measured and » and k evaluated 
from these measurements as shown in a table partly reproduced below. 


n and k for Thin Anodised Films* 


Wavelength 50 volts 100 volts 200 volts 
n n 
A 1.65 1.60 
5 1.63 1.51 1.49 
8 1.63 0.00 1.42 0.009 1.29 0.009 
12 1.89 0.60 1.73 0.66 1.65 0.66 
15 2.55+0.3 1.13+1.0 2.04+0.3 1.32+0.9 1.91+0.2 1.21+0.6 


* » and k were calculated using 3.42 g./c.c. as the density of the A1,03. 


Sommaire: Description d’une méthode de préparation et de montage de couches minces d’oxyde d’aluminium 
a partir de feuilles ordinaires d’aluminium (pureté 99.7% et épaisseur 0.007 inch). 


Anodically Produced Multiple Oxide Films for Increasing the Reflectance of Evaporated Aluminium 


United States. Two-layer reflectance increasing films must be applied to the metal in the order: Metal surface, 
low index film, high index film. The greater the difference in refractive index between the two dielectric materials 
in the film the greater the reflectance increase. These films are frequently required to give mechanical and 
chemical protection to the mirror surface. This latter requirement is not fulfilled by the most popular combina- 
tion of magnesium fluoride or cryolite and zinc sulphide. Titanium dioxide is most suitable for this purpose 
but when it is evaporated im vacuo it is reduced and condenses as an absorbing film. The authors report on 
a successful procedure whereby titanium dioxide is evaporated onto the aluminium surface and reoxidised 
in situ by an anodic process which at the same time promotes the growth of an aluminium oxide film under- 
neath the titanium oxide film. In order to prepare Al,O,-TiO, coated aluminium mirrors with highest 
reflectance in the visible spectrum, TiO, was evaporated onto the freshly deposited aluminium surface until 
the reflectance reached a minimum at 4 = 620 mu, the operation being carried out at 4 10°> mm. Hg, and 
taking about 10 sec. Subsequently, the mirror is completely immersed in an electrolyte consisting of 3% tartaric 
acid with ammonium hydroxide added to make the pH value about 5.5. The re-formation of titanium dioxide 
was completed at a rate of 22 A per volt, whereafter the aluminium oxide started to form at a rate of 13 A 
per volt. In practice 75 V are applied for about one minute after which period the reflectance of the mirror 
unit was higher than 95% over a large part of the visible spectrum. The titanium dioxide film had a thickness 
of 550 A after having shown a thickness of 480 A on deposition in a reduced form. The aluminium oxide 
film had a thickness of about 650 A, both being effectively equal in thickness to a quarter-wave at = 530 u. 
The two-layer film showed good abrasion and corrosion resistance; rubbing with linen made no difference 
and boiling in a 5% NaCl solution for one hour did not change reflectance performance. It is possible to 
produce two reflectance increasing layers of films on the mirror surface in one anodic process by depositing 
initially three layers in the following order: TiOyx, Al and TiOy. The intermediary aluminium film should 
be about 500-550 A thick. The resultant combination of A]l,0;-TiO,-A1,0,-TiO, on the mirror surface 
is obtained by applying 150-160 V in the anodic treatment and a reflectivity of about 97% at 4 = 530 mu 
is obtained. The properties of oxygen-deficient deposits (TiO,) of evaporated titanium dioxide have been 
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investigated prior to and after anodic oxidation. The results are given in a table partly reproduced below. Deposits 


Effect of Evaporation Conditions on the Optical and Electrical Properties of d/4 Thick Films of TiOx 


Resistance of a square 


YR at = 
area in 10° Q 


at, = 
Deposition 

rate Pressure 
(mm. Hq) 


5 min. after 


5 min. after 
air inlet 


5 min. after 
air inlet 


Before air 
air inlet 


(A/sec.) 
inlet 


Before air 
inlet 


56.0 62.5 
42.0 49.5 
42.0 43.0 50 
29.0 29.5 8 


4x 25.0 
2x 26.0 
1x 1075 27.5 
2x 10°5 27.5 


> 20,000 
60 


bo bo bo 


produced by fast evaporation are more suitable for the purposes described than those prepared by slow 
evaporation. The refractive index of anodically produced TiO, has been measured. The results are given 
in the table reproduced below. 


510 | 560 650 800 1,000 


| 410 460 


2.42 | 2.35 2.30 2.26 223 


| 2.55 2.48 


Sommaire: Description d’une méthode de préparation de paires de films d’oxyde d’aluminium et oxyde de 
titane, augmentant la reflection de miroirs d’aluminium évaporés. 


The Effect of Aluminium Purity on the Reflectivity of Evaporated Front Surface Mirrors 


United Kingdom. No comparative data appears to exist on the question often raised in connection with the 
reflection of front surface mirrors, 7.e. has the purity of the aluminium employed any influence on the reflectivity 
of the mirrors? The authors have conducted a series of experiments to obtain information on this point, 
employing aluminium of normal commercial purity (99%) and of super-purity (99.99%). The mirrors were 
deposited simultaneously in the same chamber. Arrangements were made to prevent metal from one source 
contaminating the mirror deposit from the other. The measurements were taken with a photomultiplier tube 
(R.C.A. 931A) in combination with Wratten filters (50, 74, 21 and 24A). The image of a fine slit was projected 
from an incandescent lamp at a constant voltage on to the mirror surface at a 10° angle of incidence. Measure- 
ments were taken immediately after evaporation was completed, and again eight days later, exposing the 
mirrors to atmosphere in the meantime. The results are shown in a table reproduced below. 


Reflectivity (%) 
Al (purity 99.99 %) 


Reflectivity (%) 
Al (purity 99%) 


Wavelength (A) 
After 
evaporation 


After 
evaporation 


8 days 
later 


4600 89.5 
5300 89.5 
5700 88.5 
6000 88.0 


Sommaire: On donne des résultats de recherches faites pour savoir si la pureté de l’aluminium employé dans 
la production de surface de mirroirs a un effet substantiel sur leur reflectivité. 


New Developments in Reflectors for Motor-Car Headlights 
See Abstract No.: 70/I 


Moulding Articles Having a Metal Layer Thereon, e.g., Mirrors and Reflectors 


United Kingdom. A method of providing a metal layer on the surface of an article which is produced by 
moulding in a jig or die is described. The method is of particular advantage in the case of spherical components. 
A poorly adhering layer of varnish is applied to the surface of the mould, and a metal layer is then deposited 
on top of the varnish by vacuum deposition or by a chemical process. The article is then moulded in the 
normal way, and upon release provides a metal coated moulding. A parting agent may be used to help the 
release of the article from the mould. The varnish may be removed from the surface if required, and the adhesion 
of the metal film to the moulding can be increased by the use of a suitable adhesive. The metal surface may 
be protected by means of a thermosetting varnish. Many variations of the process are possible. The production 
of an aluminised reflector is described. A die in the form of a cone is first painted with a parting agent and 
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then with a thin varnish. After oven drying, the varnished die is coated with a thin film of aluminium by 
vacuum deposition. An adhesive layer is then applied before moulding the plastic reflector body. After moulding 
and drying, the reflector is released and the varnish may be readily removed from the metal film so that a 
protective varnish of urea formaldehyde may be applied. This method enables moulding materials to be 
used which are not normally suitable for conventional metal coating processes. 


Sommaire: On propose un méthode pour revétir des piéces de plastiques en moulant ces piéces dans un moule 
auparavant recouvert de la couche du metal désiré. 


Method for Producing Replica Mirrors with High Quality Surfaces 
United States. The usual methods for producing precision replicas of mirrors, flats and prisms require produc- 
tion of the final reflecting film (by electroplating or evaporation) after the replica is separated from the master 
mould, and there is accordingly difficulty in cleaning and in ensuring that the film is uniform and of good 
adherence. The authors describe a method for producing high reflectance coatings on replicas directly in the 
mould. The mould is cleaned and put in an evaporating chamber, in which the pressure is reduced to below 
1x 10-4 mm. Hg. A silver film of some 200 A thickness is first deposited, followed by a strengthening silicon 
monoxide film (A/2 thick at 4 = 550 uw) and a fairly thick reflecting film of aluminium. The coated mould is 
then removed and a plastic collar extending } inch above the highest point of the mould is placed around it 
and sealed to it with wax. This collar is then filled with preferably silica-filled epoxy-type resin (one of the ‘Coil 
Seal’ casing compounds marketed in the United States is recommended), which is subsequently allowed to 
harden. The wax is then removed and the mould withdrawn by gentle finger pressure, the poor adherence of 
the silver film making separation easy. This film is finally removed with nitric acid, leaving the aluminised 
replica mirror protected with silicon monoxide. Modifications of the method may be made to meet different 
conditions, and if the reflecting surface is required to withstand high temperatures metal can be used instead 
of plastic for the packing. In this case the mould is coated with successive layers of silver, silicon monoxide, 
aluminium, silicon monoxide and nickel, and a copper backing is electro-formed on to the nickel. Or, in the 
case of gold-coated mirrors, the copper body may be directly electro-formed on to the gold. A combination of 
metal and plastic may also be employed for the back, by simply pressing a plastic-coated pre-spun or pre- 
stamped metal shape of like contour on to the coated mould wetted with the plastic. 

Sommaire: Description d’une méthode pour améliorer la qualité de la surface de mirroirs, pour réplique. 


Precision Rotating Device for the Vacuum-Evaporation Coating of Model 100 Octagonal Mirrors 


United States. The surfaces of the mirror assembly in question were within 4 to } interference fringe (argon) 
of being flat. If the mirror assembly would have revolved during the evaporation process, deposits near the 
exit would have been thicker than in the centre of the mirror face and the flat would have become concave. 
An arrangement is described and illustrated which was employed for the evaporation of these mirror assemblies 
avoiding the risk of the flat becoming concave. One face was coated at a time and the assembly was held 
stationary during that period. The vapours approached the surface through an aperture which was kept closed 
for regular intervals by a rotating shutter driven by a 7 r.p.m. motor. While the aperture was closed, a pin 
on the driving shaft engaged the sprocket mounted on the mirror drive shaft bringing the next face of the 
mirror assembly opposite to the aperture. The aperture was then uncovered and coating continued until 
the deposit had a thickness of about 4x 10> inch. A microswitch operated a signal light indicating that all 


faces had been coated. 
Sommaire: Description d’un appareil construit pour le revétement uniforme d’un miroir tournant a huit faces. 


Finishing Ever-Ready Lamps 
See Abstract No.: 71/I 


Coated Filaments and Their Production 
See Abstract No.: 69/I 


Light Amplifier 
See Abstract No.: 102/I 


Study of Thin Metallic Films by Means of Ellipsometry of Reflected Light 
See Abstract No.: 124/I 


The Infra-Red Properties of Some Metallic Films 
United Kingdom. This paper describes measurement of the refractive index » and the extinction coefficient 
k for evaporated films of gold, silver, copper, zinc, tin and aluminium, at wavelengths between 1 and 15 u 
by areflection method. The metallic films are deposited on 3 inch. x 1 inch microscope slides by vacuum evapora- 
tion using standard equipment. Evaporation of the silver and tin was carried out from a molybdenum crucible, 
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zinc and aluminium from a tungsten filament, and that of gold and copper from an alundum crucible. The 
optical properties were measured immediately after deposition to minimise the effect of oxide films forming dur- 
ing ageing. A number of methods which have been used previously to measure » and & are referred to and 
their disadvantages are discussed. This leads to the choice of a method used here which depends on the 
analysis of elliptically polarised radiation reflected from the film. The incident radiation is plane polarised 
at 45° to the plane of incidence. The radiation falls on the film at an angle of incidence @ and is reflected 
into a second polariser. As this is rotated, the transmitted intensity varies sinusoidally. The phase and 
amplitude of the radiation gives the elements of the vibration ellipse from which 2 and k can be calculated. 
This method has the advantage that it requires measurement at only one arbitrary value of 0. The most 
accurate results are obtained when @ is near to §, the principal angle of incidence. For most metals, when 
is larger than 3 u, 6 has a maximum value of 88°. The paper quotes the necessary formulae to show how the 
values of n and k are calculated from the observations and discusses the experimental errors involved. The 
apparatus consisted of a Nernst glower with its supply stabilised by a barretter. The radiation from this 
was focused by a mirror onto a slit which was followed by the first polariser. This consisted of six selenium 
films mounted in a l-inch aperture brass tube at an angle of 22° to the axis of the tube. A second mirror 
formed a magnified image of the slit on the metallic film which was mounted on a turntable which enabled 
the angle of incidence to be increased to 88°. A third mirror focused the reflected beam onto the entrance slit 
of the spectrometer which was preceded by the second polariser. The spectrometer consisted of two 60° rock 
salt prisms arranged so that their dispersions cancelled. The detector was a vacuum thermocouple connected 
to a mirror galvanometer, the reflection of which was measured by a photocell amplifier with negative feed- 
back. The slit of the spectrometer was adjusted at each wavelength to give a resolving power of 20-30. Details 
of the experimental procedure are given. The author discusses the free electron theory of Drude, the quantum 
mechanical theory of Kronig and the subsequent modifications by Dingle to allow for the anomalous skin 
effect. These theories are only valid for frequencies below the threshold for transitions between electronic 
i bands; this threshold occurs for most metals in the visible and near infra-red spectrum. The experimental 
Article by results are compared with the theoretical predictions by a graphical method. In general, good agreement 


* des : Pao’ tieo. is obtained at the longer wavelengths but some metals show an appreciable departure at the shorter wavelengths. 


68B, Sept. 1955 Sommaire: On a mesuré par une méthode de reflection l’indice de réfraction et le coefficient d’extinction de 
593-602 couches évaporées d’or, argent, cuivre, zinc, étain et aluminium entre 1 et 15 p. 


39/III Electrically Conducting Films on Cast Plastics 
See Abstract No.: 90/II 


40/111 Testing of Electrically Conductive Films on Glass Panels and the Like 


United States. The transparent electrically conducting thin coatings on glass panels such as are in use for 
the electrical heating of wind shields in aircraft must generate enough heat, and the heat must be distributed 
uniformly on all the surfaces in order to prevent any mechanical stress in the glass which may result in cracks. 
Previous testing methods required complete stability with regard to the temperature obtained, the power 
input in the glass panel and the ambient temperature. A new method of testing is described which is inherently 
faster as it does not depend on the measurement of panel temperature after stability has been obtained, but 
on the measurement of the temperature difference between corresponding points on the opposite sides of the 
panel. These measurements facilitate determination of heat applied on one of the two corresponding points 
from a knowledge of the thickness of the panel and its thermal resistivity. It has been found that if all the 
heat generated at one surface is stored in the panel, then the temperature difference between the two corres- 
ponding points is constant during the rise of temperature of the panel. This condition is obtained about 
1 min. after connecting to the electrical supply. The panel is divided into squares of equal area and the 
temperature difference is measured at the centres of some of the squares, together with the total power going 
into the film. The values obtained are then converted to heating power per unit area of film either by calculation 
or by a graphical method. Uniformity is determined by comparing these values with the average power per 
unit area. In order to obtain guidance in selecting the spots where the measurements are to be taken, a 
subsidiary test is recommended involving the determination of the temperature difference at the hot spot 
of the film, i.e. at the point where wax or frost will melt first after electric power has been applied to the film, 
and at a limited number of other locations on the panel. From these measurements the best location for 
the control spots is selected by analysing the power constants of the film in each location and selecting the 
favourable one. The measurements are taken with the help of thermocouples, each consisting of crossed iron 
W. K. Bledsoe, and constantan ribbons 0.0025 inch thick. Details of the procedure are given. A graph is shown for converting 


J. W. pinata & temperature differences into watts per square foot dissipated in the conducting film, for material of a thermal 
ee a ane | resistivity of 1.7, which is the thermal resistivity of the glass normally employed for wind shields in aircraft. 
U.S. Pat. Sommaire: Description d’une méthode pour essayer les dépéts microscopiquement minces, transparents et 
2,694,180 electro-conducteur sur plaques de verre tels que ceux employés dans les aéroplanes sur les pare-brises chauffants. 
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Conductivity and the External Photo-Electric Effects During the Transition of a Metal From the Granular 


to the Bulk State 

Germany. Experiments are reported which were aimed at exploring the mechanism of electrical conductivity 
and photo-electric phenomena by studying the properties of potassium films gradually built on a quartz sub- 
strate between two platinum electrodes deposited at either end, the potassium films being evaporated in 
vacuum at a rate of about one monatomic layer in 10-20 min. The deposition was carried out at a pressure 
of 10°10 mm. Hg under conditions of strict cleanliness. Details of the method employed for the measurement 
of the thickness of the deposit are given. The mo.ochromatic radiation employed was obtained from a double 
monochromator. Resistance measurements showed that up to a certain critical thickness of the deposit the 
resistance had a value comparable to the glass surface. Once the critical thickness had been reached, the 
resistance began to fall rapidly, and with a deposit thickness of 1 atom the initial resistance was reduced 
by a factor of 100,000. Irradiating the deposit with , = 3,132 A during that period showed, as in the case 
of the electrical resistance, no change until the critical layer thickness was reached. It then increased in 
strict proportion to the amount of metal being deposited until the coating was of monatomic thickness. In- 
creasing the thickness further the photo-electric current increased still further but at a lower rate until, at 
the thickness of the deposit equivalent to 4 atoms, no further increase took place. With irradiation 2 = 5,461 A 
an appreciable photo-electric effect could be observed at a thickness less than one monatomic layer, followed 
by a decrease of the effect as the film reached a thickness of 3-4 atomic layers. This indicates absorption as has 
been observed with the bulk material previously. Finally, the author discusses the uses of the experimental 
method employed with respect to the evaluation of the mean free path of the electrons in the deposit, esti- 
mating the mean free path in normal solid potassium at 0°C at 407 A. , 

Sommaire: On démontre, au moyen d’exemple sur la conductivité électrique et les effets photo-électriques, 
comment 4a l’aide de la méthode de couches minces déposées, les caractéristiques respectives du materiel brut 


peuvent étre explorées. 


Improvements i.o.r.t. the Production of Selenium Rectifier Plates 
Germany. The efficiency of a rectifier system is determined by the losses in the individual plates. For high 
efficiency, these plates must have good transmission properties and permit a high blocking voltage so that 
the minimum number of plates in series may be used in any rectifier column. Several treatments, involving 
the production of intermediate layers between the selenium and the covering electrode, have been developed 
to allow a high blocking voltage to be used, but they all suffer from the disadvantage of increasing the resistance 
to current flow in the forward direction. In most of these processes, this intermediate layer is formed by causing 
the selenium layer to react with the covering electrode. The uniformity of this reaction layer is dependent 
on the uniformity of the structure of the selenium surface. Normally the crystallisation characteristics of the 
body of the metal give the surface an irregular crystalline structure. In the new process a crystallisation- 
promoting substance is evaporated under high vacuum with the selenium onto the backing electrode. The 
supply of this promoting agent is cut off before the final layer of selenium is deposited. The excess of nuclei 
inside the layer gives rise to crystallisation from the inside outwards and a more uniform surface structure 
results. The intermediate layer produced in the established manner will then give superior blocking properties. 
Mineral oils, tricresyl phosphate, chlorinated divinyl, fats, waxes, paraffins, sulphur, tellurium or carbon 
may be used alone or in combination to promote crystallisation in the manner described. A partial pressure 
of 10-3 mm. Hg is optimum for evaporating the promoting agent. A lower pressure does not give sufficient 
nuclei and a higher pressure causes an increase of the resistance in the forward direction. The selenium and 
crystallising agent should be evaporated from separate crucibles and their deposition should be controlled 
by independent heating arrangements or by moveable shutters. 

Sommaire: Description d’une méthode pour améliorer les caractéristiques électriques de redresseurs secs; 
cette méthode permet d’évaporer en méme temps du selenium et un matériau qui avance la crystallisation. 


Measurements on Superconductivity of Thin Tin Films and the Ferro-Magnetic Properties of Nickel Films 


See Abstract No.: 133/I 


Formation of Thin Films of BaTiO, by Evaporation 

United States. In the measurement of the ferroelectric properties of BaTiO,, thin films have the advantage 
of requiring a low polarisation voltage and of eliminating thermal hysteresis effects due to rapid heat dissi- 
pation. The thinnest films so far investigated were 7.5 u thick, applied to platinum by a slip method. In 
the present investigation the vacuum evaporation method was employed to produce films of a thickness of 
1-2 » on platinum supports. The material was prepared by grinding and mixing with alcohol to form a paste, 
the paste being applied to a tungsten filament of about 1.4 mm. diameter. The operational pressure was 
5x 10-5 mm. Hg. Evaporation was effected by passing 100 A through a filament. As the material decomposed 
during the evaporation process, the whole of the charge applied to the source had to be evaporated. BaO, 
having the higher vapour pressure, was deposited first and TiO, was deposited over it. In order to reform 
BaTiO,, the deposit was baked in air and x-ray diffraction studies showed that the components recombine 
at about 1,000—1,100°C in about 4 hr., resulting in a chiefly tetragonal BaTiO;. The only impurities present 
were strontium and tungsten. The size of the grains increased as the baking temperature rose. At 1,300°C 
the grains size was about 1,000—5,000 A. Gold ‘dot’ electrodes were evaporated onto the film surface to facilitate 
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measurements. The measurements were made at | kc./sec. and 3,000 V per cm. with a General Radio Capaci- 
tance Bridge, type 716C. The Curie temperature was found to be 120°C, the same as that of the ceramic 
BaTiO, if impurities are absent. As the baking time and temperature increases, the peaks become sharper 
and higher, and a corresponding increase was noted in the room temperature value of the dielectric constant 
probably due to larger grain sizes. Hysteresis loop measurements gave a saturation polarisation of 5 x 1077 
coulomb per sq. cm., a remanent polarisation of 2 x 10°? coulomb per sq. cm. and a coercive force of 7 x 10° V 
per cm. These values are lower than those of the bulk material and this is attributed in part to errors in the 
estimation of the film thickness, and in part to variations in particle size and depth width. 


Sommaire: Des couches ferro-electriques de BaTiO, d’environ 2 micron d’épaisseur ont été formées sur du 
platine par évaporation sous vide et un traitement par la chaleur, dans I’air. 


Evaporated Magnetic Materials 
See Abstract No.: 130/I 


Magnetic Properties of Thin Metallic Films 


France. The results obtained by various workers engaged in the study of the ferromagnetic properties of thin 
films prepared electrolytically or by thermal evaporation or cathode sputtering are reviewed. There are 
appreciable differences in the interpretation of findings of individual workers. Maurain (1901) investigated 
the behaviour of iron and nickel deposits obtained electrolytically when subjected to a magnetic field of varying 
strength. Weiss (1912) conducted an investigation on similar lines but did not arrive at any unqualified 
conclusions. Tyndall (1927) and Procopiu (1934) obtained experimental results which did not agree with those 
of Maurain and attributed the difference to the presence of adsorbed and occluded gases. Sorensen (1925) 
employed iron, nickel and cobalt layers evaporated onto an aluminium support and found that the magnetic 
strength of the film is of the same order as that of the bulk material and that magnetisation is independent 
of crystal size and thickness of the deposit. He stated also that the coercive field is increased abruptly when 
the thickness had reached a critical value. Edwards (1927), experimenting on similar lines, was unable to 
confirm the existence of a critical thickness but attributed changes in ferromagnetic behaviour to temperature 
effects. This is confirmed by Miller (1928). Felici (1944) resumed investigations on the lines followed by 
Maurain and confirmed some part of Maurain’s findings. The author proceeds to review the results obtained 
with layers obtained by cathode sputtering. Sputtered deposits have in fact been investigated by Ingersoll 
(1925), who came to the conclusion that the grain size in the film is of considerable importance with regard 
to the properties in question. Finally, the theory proposed by Klein and Smith (1951), and that of Kittel 
(1936), is discussed. Both theories are based on the existence of a critical thickness. The author concludes 
that further research is needed and expects that the use of modern techniques such as electron diffraction, 
microwave transmission and high vacuum procedures will furnish more conclusive results in the future. 


Sommaire : Une revue des travaux faits sur les propriétés ferro-magnétiques de couches minces de métaux obtenues 
par procédé electrolytique, évaporation thermique ou projection cathodique. 


Electrical Capacitors 


United States. A procedure is described for the manufacture of electrical capacitors which is based essentially 
on a roll coating method. It facilitates the production of electrical capacitors very much smaller in volume 
per unit of capacity than hitherto obtainable by that method. The conducting film may vary in thickness 
from 100 to 10,000 A, and the dielectric thickness range from 0.03 to 0.3 mil. The reduction of the latter thickness 
is the major factor in the reduction of the overall size of the capacitor. In the past, using polystyrene as the 
dielectric for instance, the dielectric layer could not be applied at thicknesess below 0.6 mil for production 
reasons. Essentially, the present method consists of two roll coating units. The first is employed for the deposi- 
tion of a nucleating film on the paper, consisting of silver, and the subsequent evaporation of zinc. The take-up 
roll is then transferred to the second roll coating plant where the paper strip is conveyed through a trough 
containing a solution of normally solid dielectric material such as cellulose acetate butyrate in methyl acetate. 
The strip then passes under a battery of infra-red heaters to dry the dielectric film deposited on the metal. 
By masking the paper strip in the conventional way during the metal deposition process a portion of the 
strip near one edge of the paper is not coated with the metal, whereas the dielectric coating covers the whole 
width of the strip. After trimming the paper, clean exposure of the silver-zinc coating is obtained and two 
such coated and trimmed paper strips are rolled up together with the uncoated surfaces of the strips in contact 
with each other to form a cylinder. Metal is then coated, by the ‘Schoop’ process, onto the ends of the cylinder 
thus making contact with the ends of the zinc coatings, and wire electrodes are joined to the cylinder in the 
conventional way. In a modified version of the method, the alternating layers of metal electrode and lacquer 
dielectric are deposited on a temporary lacquer film of different material applied to the paper strip in the 
first place. By dissolving the temporary lacquer film the paper strip can be removed and discarded. This 
offers the additional advantage of employing base materials of poor dielectric quality. Production speeds 
are as follows: Metal deposition—300 ft./min.; lacquer deposition—100 ft./min. 


Sommaire: Description d’une méthode de production de condensateurs dans laquelle, le dép6t metallique 
fait par le procédé sur rouleau est accompagné du dépot de la lacque dielectrique par les méme procédé, ce 
qui permet d’obtenir des condensateurs bien plus petits. 
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Fixed Resistors Show Stability Improvements 

United States. Recent advances in techniques used for manufacturing resistors have resulted in closer tolerance, 
improved stability, greater power handling capacity and lower inductance. Some of the up-to-date techniques 
employed in the various types of resistor are discussed. Pyrolytic carbon-film resistors are mentioned and, in 
particular, the type where boron-treated carbon is deposited on a ceramic body to form the resistance element. 
A phenolic jacket recently introduced in the production of these resistors protects the resistance film from 
moisture and is more effective than conventional varnishes as it is inert to the film material. One particular 
form of making carbon films consists of depositing the film on the ceramic core in a vacuum furnace in the 
presence of hydrogen gas. After end-caps and leads have been attached, the unit is varnished and moulded 
in a low-loss thermosetting compound. The particular type described is available as a 0.5 W unit for the resist- 
ance range of 100 Q-0.5 MQ with tolerances of 1, 2 and 5%. Because of its high temperature resistance, glass 
is often used as a base for (fired on) metallic film resistors. High frequency in such resistors is minimised by 
using a film thickness which is less than the skin effect depth of penetration at very high frequency. Reference 
is also made to ‘printed’ resistors which are expected to replace eventually conventional carbon-composition 
resistors. Further, metal film resistors where the film is deposited by the vacuum evaporation method, employ- 
ing controlled mixed-metal deposits, are discussed. It is possible to manufacture such resistors to any desired 
temperature coefficient within a wide range of resistance values. For instance, at 100,000 Q the temperature 
coefficient may be specified to + 200 p.p.m. per °C. Further development of this type of resistor is likely to 
reduce the production costs below those of boron-carbon units. Finally, the author discusses wire-wound 
systems. Improvements in the drawing of wires has enabled closer-tolerance stable wire-wound resistors 
to be produced. High temperature operation is facilitated by using ceramic-coated wires, and contact noise 
is reduced by welding. 

Sommaire: Une revue des techniques actuelles pour la production de différentes résistances a fil et 4 dépét qui 
sont sur le marché. 


Nitrides of Chromium and Chromium-Titanium Alloys 
United States. Some electrical properties of nitrided Cr and nitrided Cr-Ti films are presented. Films of chromium 
and chromium-titanium alloys, deposited on ceramic bases by vacuum evaporation methods, were nitrided to 
form electrical resistance elements. By varying thickness and nitriding conditions, the electrical properties 
of the films can be varied. Materials can be prepared with temperature coefficients of resistance less than 
0.01%/°C. Resistors with resistances of from several hundred to several million ohms can be made. Resistance 
to environmental attack and other properties are also described. 
(Authors) 


Sommaire: On a étudié de nouveaux matériaux pour résistances électriques opérant 4 haute température. 


Metal-Film Resistance Thermometers for Measuring Surface Temperatures 
See Abstract No.: 110/I 


The Preparation of Unbacked Gold Films of Known Thickness 
United Kingdom. There are many research problems where unsupported thin metal films are required. Gold 
and silver foils can be beaten down to 2,000 A thick but are not uniform. Aluminium films of 1,000 A have been 
prepared by evaporation on glass coated with a water soluble layer. The present report describes an improved 
method for the preparation of unbacked gold films of a thickness of 400 A and of an area of 1-2sq.cm. The method 
provides for aluminium to be evaporated on polished copper foil of 0.0003 inch thickness and the copper to be 
removed with concentrated nitric acid afterwards. The aluminium foil about 8,000 A thick is weighed and then 
coated with gold in a carefully outgassed vacuum system. The compound film is re-weighed in order to deter- 
mine the thickness of the gold layer. After placing the composite film on a support frame and applying a slight 
smear of vacuum grease to the edge of the frame, the aluminium base is dissolved with a drop of 4N solution 
of sodium hydroxide. The gold film is washed with distilled water, applied with a fine brush, and removed with 


blotting paper. 
Sommaire: Description d’une méthode de préparation de couche d’or non-supportée, d’environ 400 A d’épaisseur. 


Improvements i.o.r.t. the Protection of Silver and Like Surfaces 
See Abstract No.: 70/III 


Plutonium: Evaporation Tests, Ionisation Potential and Electron Emission 
See Abstract No.: 112/I 


Coating 
United States. An improved method of roll coating in high vacuum using aluminium as the evaporant is 
described. The substrate to be coated passes from a supply spool to a take-up spool via a number of guiding 
rollers which are preferably driven and so arranged that they do not ‘see’ the vapour source. The axes of the 
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Article by 
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27, Sept. 1954 
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Article by 
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Soc. 

102, Feb. 1955 
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Note by 
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spools and rollers are in a horizontal plane. Evaporation is effected from a line source consisting of a carbon 
rod, also situated in a horizontal plane, supported at each end and about 4 inch. long between the supports. 
Its diameter is about } inch. A groove is cut into its upper surface. To facilitate wetting of the rod by the 
molten aluminium the rod is pre-treated by painting its surface with a slurry of zirconium and drying the coating 
subsequently at 1,450°C for half an hour at a pressure of 1 » Hg. Titanium, hafnium, vanadium, columbium 
and tantalum carbide coatings may also be used. As a result of this treatment the molten aluminium will wet 
the whole of the outer surface of the rod and evaporation will take place from all surfaces of the rod. The 
aluminium is fed into the groove in wire form by an automatically controlled feeding device which is sensitive to 
the electrical resistance of the rod. When the rod is charged to capacity with aluminium, its resistance is 
lower and the rate of feed will be reduced. As aluminium evaporates, the resistance of the rod rises and the rate 


P. J. Clough, of the feed is increased. Evaporation is carried out at a temperature of about 1,400°C, a current of 180A 
P. Godley, 2nd passing through the rod. Under these conditions 1 g. of aluminium is evaporated per minute. The substrate is 
Pa ect as preferably moved at a speed of 100-150 ft./min. across the source. 
U.S. Pat. P Sommaire: Description d’une méthode de ‘roll-coating’ employant une source en forme de ligne horizontale 
2,703,334 pour l’évaporation d’aluminium. 


56/III Aluminised Clothing to Give Heat the Bounce 
See Abstract No.: 216/I 


57/III Improvements i.o.r.t. the Coating of Threads with Metals 
See Abstract No.: 215/I 


58/III The Effect of Gases on the Contact Potentials of Evaporated Metal Films 
See Abstract No.: 53/IV 


59/III Vacuum Evaporation of Heavy Metallic Films 


United States. In order to make a metallic bond between a metal and a ceramic of the barium titanate group, 
special techniques of vacuum evaporation were developed to deposit the metal bonding layers. The required 
thickness of 200-400 x 10-® inch (7.e. up to 40 times the usual thickness) for the bonding layers was not obtainable 
by conventional techniques, since it was necessary to evaporate large quantities of metal. A special crucible 
was therefore developed. It consisted of a shallow tantalum dish 2} inch. diam. resting on insulated supports 
and heated by electron bombardment. The electron source consisted of an electrically heated tungsten filament 
of 0.015 inch diam. wire 33 cm. long, spaced } inch below the dish which was connected in the circuit as anode. 
The h.t. power supply was variable between 450 and 750 V, and at the upper potential the system was space- 
charge limited at 1.8A. In the event of flash-over, the circuit was protected by an overload device which was 
automatically reset after a variable delay period. The fundamental process of evaporation is considered, and 
the rates of evaporation for 14 different metals are calculated. The results are shown plotted against temperature. 
The evaporation plant was fitted with a 20-inch diam. water-cooled steel bell jar, and evacuated by a fraction- 
ating-type of oil diffusion pump backed by a rotary pump, capable of reaching a working pressure of 10-5 mm. Hg. 
In addition to the electron bombardment source, there were fitted three resistance-heated sources for the 
evaporation of thinner layers of high melting point metals such as chromium. Water cooling was used in the 
baseplate assembly, since the power dissipated by the sources was above 1.5 kW. The objects to be coated were 
positioned about 25 cm. above the source, and the coatings were monitored on glass discs, the thickness of the 
deposit being calculated by weighing. Provision was also made for the resistance of the deposited films to be 
measured during the coating operation. The work could be radiation-heated and discharge-cleaned before 

Report by evaporation. The behaviour of the source is described when used for the evaporation of films of aluminium, 
W. R. Turner copper, silver, tin and lead, but it is suggested that the apparatus is suitable for the evaporation of a much 


U.S. Naval i i i i i 
Saclay 3 wider range of materials, both metallic and non-metallic. Complete diagrams and photographs are included. 


Rep. Sommaire: Ce rapport décrit le fonctionnement d’un appareil 4 évaporation sous vide capable de former des 
om 3948 couches métalliques 10 a 40 fois plus épaisses que celles obtenus commercialement. 
une 1955 


60/III Semiconductivity of a Type IIb Diamond 


South Africa. Of the two known types of diamonds, I and II, the latter may be further subdivided into an 
insulator IIa and a semiconductor IIb. The conductivity of a type IIb diamond has been measured over a 
temperature range of 20°-50°C and the energy gap calculated. It was suspected that the primary cause of the 
semiconductivity is some form of crystal imperfection. A thin layer of silver was deposited on two opposite faces 
(each 6.5 mm. x 2.0 mm.) of the diamond (size 6.5 mm. x 2.0mm. x 1.9 mm.) and a constant 25 V applied between 
two silver electrodes clamped to the faces, the diamond being held in a furnace. The resistance R was measured, 
using Ohms law, at various temperatures, and the energy gap W was calculated from the equ. p = A exp W/2kRT. 
The resistivity, p, at 293.3°K was 7.1 x 10> ohm.cm. The energy gap of 0.7 eV was appreciably smaller than for 
diamonds in the intrinsic region (6eV) but similar to that of germanium. The current between the electrodes was 
measured both on raising the temperature and on cooling and a hysteresis effect was noticed. Eventually, 
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the original value of the current was restored. Using a silver layer on one side of the diamond and a point 
contact on the other, forward and reverse currents were measured, the respective values being 100uA and 
practically nil at 200°C and 5 V, indicating the merits of the diamond as a crystal rectifier. All blue diamonds 
were shown to be of type IIb. The semiconductivity may well be due to lattice defects producing p-type 
conductivity, rather than to the presence of impurities. 

Sommaire: Les propriétés de semi-conducteur de IIb diamant ont été étudies dans le but de savoir si ces effets 
sont dus a la présence d’impurités d’imperfections du crystal. 


An Optical Shadow-Casting Microscope Technique 
See Abstract No.: 116/I 


Replica Studies of Bulk Clays 
See Abstract No.: 68/II 


Molecular Arrangement in Crystals of the Southern Bean Mosaic Virus Protein 
See Abstract No.: 72/II 


Transmissivity of Thin Carbon Films 
United States. In connection with an investigation into the vaporisation rates of graphite a method was required 
of determining the optical properties of thin carbon films. The films were obtained by condensing the vapours 
issuing from the orifice of a graphite Knudsen cell on the water-cooled quartz wall of the apparatus. By 
applying the transmissivity method of measurement of deposition rates and by starting with Maxwell’s equations, 
an expression is developed for the transmissivity of the system where the optical density is expressed in terms 
of the refractive index of the substrate, the thickness of the deposit, the refractive index of the deposit and 
the vacuum wavelength of the light issuing from the source which is determined by viewing the source through 
the deposit with an optical pyrometer. Experimental observations and calculations according to the formula 
given are in good agreement as is shown in a graph plotting optical density against time for two source tem- 
peratures. In the case of a source temperature of 2,383°K the data gives a refractive index of 2.39 and an 
extinction coefficient of 1.05. There is some doubt as to the validity of the method of calculation for the 
conditions in the initial deposition period, but otherwise the investigation demonstrates that the transmissivity 
methods can be used with advantage for the determination of the thickness of carbon films. 


Sommaire: La méthode de transmission pour mesurer les taux de dépdét a été employée determiner l’indices de 
réfraction et le coefficient d’extinction de dépéts minces de carbone. 


31 — CATHODIC SPUTTERING — 31 


Vacuum Deposited Thin Films 
See Abstract No.: 43/I 


Vacuum Coating Technique 
See Abstract No.: 2/III 


Metallic Coatings on Non-Metallic Materials IV. Vacuum Coating Methods 
See Abstract No.: 4/III 


Sputtering by Ion Bombardment 
United States. This is a comprehensive review article on the subject of cathodic sputtering from a surface 
under positive ion bombardment. In the introduction, the author states the problems which have previously 
been associated with making reliable yield measurements. Early work was complicated by the use of an 
abnormal glow discharge as a source of positive ions, operating at fairly high gas pressures. Reliable yield 
measurements are now made by placing the target as a separate electrode in a high density rare gas plasma 
or by using an ion beam at low pressures. The experimental methods of measuring the yield or sputtering 
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69/III 


rate are described in the second section, commencing with the use of the abnormal glow and progress- 
ing to the low pressure glow supported by a magnetic field. The author then describes the more reliable 
methods of measurement using low pressure supported plasmas. A particular method using a separate 
target in a plasma of mercury vapour is described, and a diagram shows the construction of such an 
apparatus. A high density plasma of mercury ions was formed in the mercury arc discharge from a pool 
cathode. Ion beam methods suffer from the disadvantage of space charge limitation which restricts the 
ion current to a very low value unless very high voltages are used. Measurement of threshold values becomes 
difficult. The principal advantages of ion beam methods are that secondary electrons can be collected and the 
angle of incidence of the ions may be controlled. The third section deals with results of sputtering measurements. 
There is evidence that metal is released as uncharged particles of atomic size, but results on the velocity of 
ejection are contradictory. The influence of gas pressure on the yield is shown to be closely associated with the 
angle of incidence of ion bombardment, which has a very definite effect on the yield. The influence of ion energy, 
atomic weight, and ion density are discussed, together with the surface state of the target. It is suggested that 
sputtering from the faces of single crystals might give interesting results. Certain aspects of cathodic etching 
are discussed and it is shown with the aid of micrographs that an etch pattern may be formed not only by 
removal of metal preferentially from a surface, but also by condensation on the surface. A table, reproduced 
below, shows the sputtering threshold energy in electron volts for a series of ions and targets, obtained by 


Metal Threshold Vo 
eV) 


Th on W 


(1900°K) 


various workers. The values shown apply only to the case of normal incidence. Chemical or reactive sputtering 
is discussed, in which the situation is complicated by the reaction of an ion with the bombarded surface. The 
author recognises an entirely new set of conditions which requires separate experimental treatment. In the last 
section, prevailing theories of sputtering are discussed. Evidence seems to be in favour of the momentum 
transfer theory rather than the evaporation theory, but the details of the process are not fully understood. 


82 references. 
Sommaire: Un article détaillé de la projection cathodique sous bombardement d’ions positifs. 


On the Preparation of Photosensitive Cadmium Sulphide Layers by Cathode Sputtering 


Germany. Photocells embodying a cadmium sulphide layer have been employed for some time as photosensitive 
resistance elements. But the performance of the cadmium sulphide layer obtained by chemical means is sluggish 
and does not lend itself to use in connection with precision measurement. By employing the vacuum evaporation 
technique and depositing cadmium sulphide layers of a polycrystalline structure improved performance has 
been obtained because of the fact that the thickness of the layers could be closely controlled. In addition an 
admixture of an activator such as copper and silver could produce further improvement. The present article 
reports on experiments employing the cathodic sputtering technique to produce cadmium sulphide layers. 
The experiments were conducted on the lines of the reactive sputtering technique developed recently for the 
preparation of metal oxide films. A cadmium-coated cathode was sputtered in an atmosphere of argon contain- 
ing 25% hydrogen sulphide, the latter dissociating in the glow discharge. The layers were deposited on glass and 
showed optimum performance and adhesion if annealed at 600°C after deposition. Films of an area of 2.5 x 5m. 
on glass, tested at 110 V d.c. and an illumination of 1,000 lux showed a dark current of less than 2 pA anda 
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photoelectric current of 10-20 mA. Experiments are in progress to improve this performance by adding 
activators or by modifying the heat treatment. 

Sommaire: Description d’essais de production de couches de sulphure de cadmium sensibles a la lumiére, par 
projection cathodique de cadmium dans une atmosphére de sulphure d’hydrogéne et d’argon. 


Improvements i.o.r.t. the Protection of Silver and Like Surfaces 

Germany. A method is described whereby articles of tableware and cutlery made from silver or silver alloys 
may be protected from atmospheric effects such as tarnishing by providing a thin surface coating consisting 
of a dense, pore-free and permanent layer of oxides of metals in the 2nd-5th groups of the periodic system 
or a mixture of these oxides. The coating must be thick enough to be continuous in itself, but not so thick that 
selective interference effects are obtained, resulting in a discoloration of the highly polished silver surface. 
A thickness of 50-500A is considered satisfactory but 200-300A is preferable. The protection afforded is similar 
to that obtained in certain metals which are normally protected by a thin layer of their own oxide, notably 
aluminium, chromium and zirconium. It is advantageous in certain cases, to deposit a mixture of oxides, since 
recrystallisation of a pure oxide may occur, thus spoiling its protective property. Suitably hard, durable, 
adherent coatings are best obtained by condensation of the oxides from the gaseous phase. The methods of 
evaporation or sublimation in vacuum, or cathodic sputtering are suitable. The normal method of cathodic 
sputtering from metal cathodes in an oxygen discharge to produce a metal oxide film cannot be used since 
the oxygen discharge produces discoloration. Similarly the method of gas reaction from a gaseous metal 
compound cannot be used. An improved method of cathodic sputtering has been devised, in which an oxide 
layer is first formed on a cathode by evaporation or heat oxidation or some other method. This oxide layer or 
mixture of oxides is then sputtered in an inert gas atmosphere such as argon or carbon monoxide. The cathode 
coating should be 3,000-10,000A thick. The work-holders, charged with the components, are connected as 
anodes (earthed), and half-wave rectified a.c. at a potential of 2,000-6,000 V is applied to the cathode, the cur- 
rent density on the cathode face being of the order of 60-100 uA/cm?. The time required for the process is about 
20 min. The cathode may consist of a number of sections differently coated, and so arranged that current may 
be switched from one to another, thereby depositing a mixture of different oxides. The gas pressure is of the 
order mm. Hg. 

Sommaire: Description d’une méthode pour empécher I’argenterie et la coutellerie de se ternir et de se corroder, 
en déposant une couche permanente d’environ 500A d’épaisseur, d’un composé d’oxygéne obtenu par projection 
cathodique. 


The Application of Cathodic Vacuum Etching to Electron Metallography 
United States. In a glow discharge, metal is removed from the cathode surface, the pattern of the removal 
being related to the structure of the metal surface. A technique is described in which this removal is used to 
etch samples for both optical and electron micrography, the etching times required being of the order of 1-3 
min. and 2-6 min. respectively. In the apparatus described, the sample is bolted to the end of a hollow cylindri- 
cal cathode, which projects into a 12-inch glass bell-jar through a hole in the top. The anode is an aluminium 
disc mounted vertically below the cathode and connected to the base plate of the system. The glow is confined 
to the space within a vertical glass tube which surrounds both cathode and anode, and most of the metal 
removed from the cathode is deposited on this shield, which is easily removed for cleaning. The cathode and 
its fittings are made of titanium, and the cathode is hollow so that it can be cooled by circulating a stream of 
ethylene glycol. The specimen is prepared by grinding one surface flat so that it makes good thermal contact 
with the cathode proper, and by polishing the surface to be etched. The power supply delivers about 50 mA 
through 60,000Q from 5 kV, and uses a full-wave rectifier circuit with smoothing filter. The system is pumped 
out to about 1 u Hg. and is flushed several times with argon. The pressure is then adjusted to about 50 u Hg 
and the h.t. supply switched on. Initially, the current is large and oxide is removed from the surface; after 
4-2 min. the voltage across the glow reaches a steady state and the etching proper begins. The whole cycle 
takes only about 20 min. and the etched samples need no washing or rinsing. The current density is about 3.5mA 
sq.cm. and the temperature of the bulk of the specimen during etching is estimated to be about 230°C. A 
number of photographs are given to show the results obtained with this method of etching on 322 W stainless 
steel, nickel, zircaloy, uranium alloy and zircaloy-2, and 0.82% carbon steel. The results show surfaces free 
from stains and artefacts. This is attributed to the use of high current densities while keeping the specimen 
cool. Too low a temperature, however, tends to allow re-deposition of some of the removed metal. 

Sommaire: On donne des détails d’un procédé de gravure cathodique sous vide adapté 4 la métallographie 
électronique. 


Etching Metals by Ionic Bombardment 

United States. This paper is devoted to a description of apparatus for etching metallographic specimens by 
ionic bombardment in an electrical discharge tube and to some results obtained with the equipment. Previous 
papers are cited to show that the method is not new. A drawing shows the construction of the apparatus and a 
circuit diagram gives information concerning the electrical power unit. Photomicrographs of brass and steel 
show that ionic bombardment gives no better results on these common metals than ordinary etching methods. 
However, photomicrographs of uranium, thorium and two thorium alloys indicate that bombardement has 


advantages for these metals. 


(Authors 
Sommaire: Description d’un appareil de gravure de specimens métallographiques par bombardement ionique; 
résultats obtenus, et détails de l’appareillage. 
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Magnetic Properties of Thin Metallic Films 
See Abstract No.: 47/III 


34 — FUMIGATION — 34 


Toxicity of Methyl Bromide Under Reduced Pressures 


United Kingdom. The work described is a continuation of that reported previously (see Vol. II Abstract No 
197/III). Two methods of vacuum fumigation are mentioned for penetrating methyl bromide into various 
substances. Both involve a 4-hr. exposure, but in one the pressure is reduced for the whole period, while in the 
second the last three hours are at atmospheric pressure. Calandra granaria was tested. A substantial kill was 
obtained with a weaker solution than would be needed at atmospheric pressure, though for a 99.9% kill the 
vacuum methods showed no appreciable advantage. It is apparent that there is a minimum pressure, below 
which toxicity does not increase. The vacuum method can invalidate the normal pest fumigation inspection 
methods as it results in the younger less easily visible stages of the pest being the most resistant to the fumigant. 


Sommaire: Rapport de résultats récents obtenus pendant des recherches mentionnées dans le Vol. III Sommaire 
179/III, concernant la pénétration du bromure de methyl pendant le procédé de fumigation sous vide. 


36 — DRYING — 36 


Application of Vacuum in Drying Technique 
See Abstract No.: 24/I 


Water Extraction Methods 
See Abstract No.: 25/I 


An All-Glass Rotary Film Evaporator 


United States. There are various designs of apparatus known for the concentration of heat-sensitive materials 
by evaporation from a rotating film under vacuum. But the majority of these require the rotation of both 
the evaporation flask and the condenser bulb. Therefore, due to the high inertia of such systems, the incidence 
of accidental breakage is high. A design is described where only the flask rotates. It consists of a freeze- 
drying unit, 18x50 cm. in outside dimensions, which is stationary, and has its condenser cooled with an 
acetone-dry ice mixture. This unit has six openings, five of which are plugged, and the sixth is fitted with 
a short adaptor carrying the ball portion of a 35/20 ball joint. The neck of the flask which is 22 mm. outside 
diameter carries the socket part and is fitted to the ball joint. The neck has a length of 29 cm. and is inclined 
at 15° to the horizontal. The joint is greased with Apiezon N grease. The neck rests on two bearings, each 
fitted with a pair of rubber wheels. Half-way between them the neck is fitted with a pulley which rotates the 
flask at about 40 r.p.m., driven by a belt drive from a #-h.p. motor. The flask which has a capacity of 2 1. 
should be filled to no more than half of its capacity with the solution to be dried. Aqueous and ethanolic 
solutions can be dried in the device within one hour. The apparatus has been employed by the author for the 
concentration of radio-active solutions, and the freeze-drying unit, although expensive, has been most effective 
in ensuring that any radio-activity in solution which might be carried mechanically into the condenser, is 
trapped. A vacuum below 0.5 cm. Hg is adequate. 


Sommaire: Des détails sont donnés d’un évaporateur rotatif tout en verre, consistant en un recipient tournant 
et un appareil de lyophilisation stationnaire pour employer avec des matériaux radio-actifs. 


Solids Boosted by Spiralling, Thin-Film Evaporation 


United States. The conventional falling-film evaporator has certain disadvantages such as the lack of means 
of controlling the thickness of the falling film and the uneven heating of the falling-film caused by interfacial 
friction between the liquid film and the evaporator wall resulting in the liquid closest to the wall moving slower 
than the layers further away from the wall. The operating principle of a new type of evaporator is described 
which consists of a partially-jacketed (for steam heating) stainless steel tube divided into an upper separating 
section and a lower evaporating zone. The evaporator houses a rotor which extends over the whole length 
of the tube and has a number of blades attached to it which have a clearance of about 4 inch with the 
evaporator walls. The operational pressure within the apparatus varies from 20-27 inch Hg. The optimum 
peripheral speed of the rotor blades varies from 15-45 ft. per second. The fluid to be dehydrated is fed into 
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the top of the evaporator section and falls onto the rotor which throws it against the heated walls. Here 
the material forms a film which is thicker than the clearance between the blades and the wall. As a result 
the blades carry a small wave of fluid ahead of them while rotating. This leads to constant agitation and 
intermixing of the film moving down the walls and is collected at the bottom as the concentrate. Any droplets 
entrained with the vapour, rising into the separating section, are returned to the evaporator section. The 
unit is capable of producing a 5: 1 concentration in a single pass. Typical dimensions are 107 inch. high and 
26 inch. diam., evaporators of these dimensions being capable of evaporating water at a rate of 300 lb./hr. (at 
27 inch. Hg vacuum and 30 p.s.i.g. jacket steam). Various applications of the plant are described. A table, 
partly reproduced below, shows test data obtained from a unit of dimensions given. 


Producta Studiede 
Coffee 
ertract Gelatine 
Concentrate Composition, Weight 

% Solids (bone dry) 70.2 27.5 
Concentrate (Ib./hr.) 96 220 
Product Temperature (deg. F.) 120 140 
Chamber Vacuum (inch. Hg) 26.5 22.0 
Vapour Temperature (deg. F.) 116 148 
Jacket Temperature (deg. F.) 213 228 
Steam Pressure (p.s.i.g.) 1 8.2 
Feed Composition, Weight % 

Solids (bone dry) 15.0 16.5 
Feed Rate (lb./hr.) 450 442 
Feed Ternperature (deg. F.) 130 143 
Vapour Rate (Ib./hr.) 354 222 
Rotor Periphera! Speed (f.p.s.) 43.7 35.0 
Agitator Power (kw.) 0.95 1.8 
Heat Transferred (1,000 Btu./hr.) 358 225 
Overall Coefficient ‘U’ 

Btu./hr. (sq.ft.) (deg. F.) 447 334 


Sommaire: Description de l’application du principe de couches minces turbulentes, de transfert de chaleur, a la 
déshydratation sous vide d’aliments sensibles a la chaleur. 


Problems in the Production of Tomato Juice Powder by Vacuum 


United States. The successful production of fruit juice powders by puff-drying methods led to attempts to 
produce tomato juice powder in the same way. However, it was found that the method cannot be applied 
in its present form in the case of tomatoes because of the much higher proportion of pulp or insoluble solid 
and the lower total solid content of tomato paste as compared with other fruit. The processing of tomato 
requires that almost twice as much water has to be evaporated as in the case of oranges, for instance. Details 
are given of two procedures developed recently on the laboratory scale for the production of tomato juice 
powder: (1) Direct drying. Tomato paste with 38% solids was placed in a bowl and beaten. The aerated paste 
was loaded on shallow trays and placed in a vacuum shelf drier. The pressure was reduced to about 1 mm. 
Hg and the temperature raised rapidly to 220°F. Asa result a 10 to 15-fold expansion of the paste took place 
during the early stages of drying. Product temperature had to be watched so that it would not exceed 150°F 
above which temperature heat damage would occur. Best results were obtained with 3 mm. Hg pressure, the 
drying period lasting approximately 2 hours. Final moisture content was about 3%. The end product was 
ground and packed under conditions of low relative humidity and an in-package desiccant was used to counter- 
act moisture absorption during storage. An addition of 0.05°% of sodium disulphide to the paste prior to 
drying permitted higher drying temperatures and correspondingly shorter drying periods. The powder obtained 
reconstituted easily in four times its volume of water, in about two minutes. The method is suitable for use 
with batch-type drying equipment, but where continuous dryers are employed excessive de-aeration of the 
paste, before it is applied to the drying surface, may prevent puffing. The following method has been designed 
to suit continuous driers. (2) Split drying. Single strength canned tomato juice was centrifuged in order 
to separate 90-95% of the pulp from the serum. The serum was concentrated to 65° Brix at about 15 mm. Hg 
and a jacket temperature of 135° F and then poured into trays at a rate of 0.5 1b. per square foot. The material 
was then dried in a shelf drier at 3 mm. Hg and a shelf temperature of 220°F. Satisfactory puffing was obtained 
in this process. After vacuum drying the pulp, the latter was returned to the serum in the right proportion. The 
resulting powder is difficult to reconstitute in cold water but reconstitution in hot water is rapid. The paper 
concludes with a discussion of the effect of raw material variations on reconstitution. 


Sommaire: Description d’une méthode courronnée de succés pour préparer de la poudre de jus de tomate par 
le procédé de lyophilisation; la poudre mélangée avec de l’eau froide reconstitue instantanément le jus complet. 


Good Tomato Powder Made Experimentally 
See Abstract No.: 152/III 
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Concentration of Potato Root Diffusate by Vacuum Distillation 


United Kingdom. Potato root diffusate, 7.e. the liquid obtained by leaching growing potatoes with water, is 
known to contain an active factor promoting hatching of the potato root eelworm. This material is unstable 
at ordinary temperatures, and for this reason has to be stored in refrigerators, making large demands on 
available storage space. Also, to provide a standard solution for experiments, it is necessary to concentrate 
the diffusate. The author has prepared a concentrate by vacuum distillation at 5°C and 1 mm. Hg pressure, 
reducing the original volume by 96-99%. The distillate was collected at —20°C. Some samples were further 
concentrated by freeze drying. On comparing the concentrate after vacuum distillation with the original 
sample it was found that over 90% of the active factor had remained undecomposed. The freeze-dried material 
showed a greater loss = 30%. 


Sommaire: On a fait passer un liquide au travers des pommes de terre ce qui a fait éclore les oeufs du ‘eelworm’ 
se trouvant dans les racines; ce liquide a été distillé sous vide afin de faciliter le stockage sous forme concentrée. 
Les effects sur l’agent actif du concentré sont discutés. 


Dehydration of Biological Materials 


United States. A process is described for the dehydration of biological liquids, such as broths of bacteria, yeasts, 
and moulds for the preparation of foods and feeds by evaporating the broth im vacuo at 50°-150°F to obtain 
a flowable liquid containing 35-85% solids. This concentrate is further dehydrated in shallow trays at tempera- 
tures to obtain rapid dehydration without damaging the product by overheating. In an example, a broth 
containing an antibiotic is produced in the usual manner. The resulting broth (5% solids) is evaporated in vacuo 
at a low temperature to produce a liquid concentrate containing 25% solids. To 2 1. of the concentrate is 
added 500 g. corn-syrup solids. The latter is dehydrated in a vacuum drier equipped with shelves for tray 
drying. The initial shelf temperature is 200°F and is maintained for 1 hr. The temperature is lowered to 
80°F and maintained until material is dry. After cooling, the material is removed. The dry material expands 
during drying and yields a product which is porous and free-flowing. It exhibits a rapid rate of rehydration 
when brought into contact with water. Enzymes, vitamins, antibiotics, etc., are not damaged in the process. 

(Chemical Abstracts) 
Sommaire: Description d’un procédé de déshydratation de liquides biologiques tels que bouillons de levure de 
bactéries et moisissures, pour la préparation d’aliments, en évaporant le bouillon a pression réduite entre 
50 et 150°F, afin d’obtenir un liquide coulant facilement, contenant jusqu’a 85% de solides. 


Method of, and Means for, Converting Sea Water to Fresh Water by Evaporation 


United Kingdom. Exhaust steam, from the auxiliary engines used in marine practice, is employed to heat 
water in an evaporator and to operate the steam ejector serving a vacuum condenser connected to it. Sea 
water in the evaporator boils and passes over into the vacuum condenser, preferably via an intermediate 
heat exchanger. The waste steam from the ejector and evaporator coils is passed to the boiler feed water tank 
for pre-heating purposes and the condensate from the intermediate heat exchanger and vacuum condenser 
is collected in a storage tank. The heat exchanger and the condenser are preferably placed above the storage 
tank so that the fresh water may drain directly into it. 


Sommaire: Détails d’un appareil actionné par l’échappement d’un moteur auxilliaire employé dans les batiments 
de la marine, pour convertir l’eau de mer en eau douce, par distillation sous vide. Le vide est obtenu par un 
éjecteur a vapeur. 


Treatment of Sea Water for Evaporating Plants 


United Kingdom. Continuous distillation of sea water to obtain a product which is suitable for drinking or 
use in high pressure steam boilers is made difficult by the formation of scale in the evaporator. The evaporating 
surfaces have to be made larger than normal and this results in bulky installations and the need for frequent 
de-scaling operations. The scale consists of calcium carbonate, calcium sulphate and magnesium hydroxide, 
alone or in combination. Calcium sulphate scale can be prevented by extracting brine continuously from the 
evaporator so that the brine concentration cannot rise above a predetermined level. This procedure does not 
prevent the other types of scale formation. The author describes a method which involves adding ferric, 
aluminium or zinc chloride or sulphate to the brine in the evaporator. Ferric chloride is preferred. This is 
ionised in the brine. Bicarbonate ions, also present in the brine, break down under the action of heat into 
carbonate ions or hydroxyl ions. The first tend to combine with calcium ions to form calcium carbonate scale 
and the second with magnesium ions to form magnesium hydroxide scale. However, in the presence of ferric 
and chloride ions, the hydroxide ions combine, preferentially to form ferric hydroxide which is precipitated 
but does not attach itself to the surfaces of the evaporator and can easily be removed with the brine leaving 
the evaporator. The combination with the hydroxide ions results in a relative increase in the number of 
hydrogen ions which in turn results in the disintegration of some of the carbonate ions and the prevention of 
calcium carbonate scale formation. Treatment with 0.25 lb. of ferric chloride per ton of water prevents scale 
formation. The salt can be introduced in solution by gravity feed pumping or by allowing it to be drawn 
in by the pressure gradient if the still is operated under vacuum. 


Sommaire: Cet invention a pour objet la distillation d’eau de mer pour obtenir de l’eau potable; on donne 
le moyen d’empécher la formation de carbonates de calcium qui généralement s’opposent a cette transformation. 
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Process for Drying Electrical Equipment Disposed in a Sealed Casing 


United States. Before putting electrical apparatus, contained in sealed casings, in service it is subjected to 
a heat treatment in order to remove moisture, gases and other impurities from the insulation such as paper, 
cotton, cloth, efc., which contains initially up to 10% of moisture. The conventional method, in particular 
in the case of large electrical apparatus, provides for the apparatus to be heated to a temperature of 85°C 
in an air oven which is normally kept at about 125°C. Subsequently the apparatus is transferred to a vacuum 
tank in its own casing while still hot and the casing is evacuated to remove all the vapours, etc. In the case 
of a 100,000 kVA transformer, for instance, this procedure takes up to 8 days. In the present patent, an 
improved method is described which reduces the time required for the process by about #. The apparatus 
to be dried is placed in its own casing and the casing is evacuated by a vacuum pump joined to a pumping 
line fitted with an oil trap, down to a pressure of 5-10 mm. Hg. While pumping continues, oil such as petroleum 
oils, and synthetic dielectric liquids such as chlorinated diphenyl, heated to 100°C, are fed through a tube into 
the casing and distributed through a nozzle within the casing, producing a spray which heats the electrical 
apparatus to a temperature of not less than 50°C. The oil collecting at the bottom of the casing is recirculated 
after passing through a purifier where it is brought into contact with Fuller’s earth, charcoal or similar absorbents, 
and a re-heating device. Heat treatment should last about 12 hours. After completion of the heat treatment, 
the spraying oil is withdrawn and the case filled with the final charge of oil. In an example quoted the overall 
treatment time did not exceed 32 hr. The oil used for spraying should have a low vapour pressure at the 
temperatures stated. 

Sommaire: Détails d’une invention permettant de chauffer et vider simultanément des appareils électriques 
montés dans des boites étanches, en projetant des liquides dielectriques chauds sur ces appareils pendant 
la mise sous vide, afin d’obtenir un séchage rapide et efficient. 
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Promises and Problems Posed by Vacuum Melting 
See Abstract No.: 179/I 


European Vacuum Melting History and Practice 
See Abstract No.: 180/I 


High Vacuum Furnaces 

Germany. Developments have reached the stage where the advantages offered in a technical respect by 
vacuum melting and casting have been fully established and the use of the process is dictated essentially by 
economical considerations. Reference is made to various processes and products available today, the develop- 
ment of which is entirely based on the existence of vacuum furnaces. There are three main categories of 
vacuum furnaces: (a) The resistance furnace, (b) the induction furnace and (c) the arc furnace. The early 
designs of vacuum furnaces were all resistance furnaces. Today their application in the field of vacuum melting 
and casting proper is restricted, their main importance being in the field of annealing and sintering. There 
are essentially two types of resistance furnace. In one type the heater element is fitted to the outside of the 
furnace and in the other the heater element is fitted inside the furnace chamber. The former is employed 
where the processes in the chamber may have a detrimental effect on the material of the heater element, but 
the trend is to employ furnaces with the heater elements positioned within the furnace chamber in order 
to avoid thermal losses. The temperatures obtained in chambers of the latter category reached 1,700°C in 
the case of molybdenum elements and 2,500°C in the case of graphite heater elements. Effective heat insulation 
in such furnaces is obtained by the provision of radiation shields. The purpose of such radiation shields is 
to re-emit heat radiated from the heater element in the outward direction and to reflect it back to the melt. 
The amount of heat radiated from a body can be expressed by 

where ¢ is the radiation constant, o = 5.77 107!", F is the area of the radiating body, T, is the temperature 
of the radiating surface and T, is the temperature of the irradiated surface. The radiation constant, ¢, depends 
on the nature of the material employed for the radiation shields and on the surface condition of the shield. In 
a table, partly reproduced below, radiation constants of various materials are given. The resistance furnace 


Material Radiation Constant | 

Glass 0.937 
Quartz 0.93 
Smooth Cast Iron 0.82 
Carbon 0.79 
Brick 0.93 
Polished Aluminium 0.07 

Brass 0.07—0.05 

Copper 0.05 
Porcelain 0.924 
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in Germany for the processing of steel has a capacity of 500 kg. 


Sommaire: Un article détaillé sur les applications, et les possibilités de four a vide poussé, destiné pour la 


métallurgie. 


Vacuum Melting Improves Alloy Properties and Workability 


United States. Details are given of the vacuum melting procedure employed by the General Electric Company 
in the preparation of the nickel base alloy M252 whose nominal composition is as shown in the table reproduced 
below. Reference is also made to a cobalt base alloy, 1570, which due to its high titanium content has by 


Nominal Composition of Nickel Base Alloy, M252 


needs comparatively long heating-up and cooling periods and is therefore most suited for those processes 
where, by reason of the processed material, long heating and cooling periods are desirable. The cooling down 
period may be shortened by flushing the furnace with inert gas. The development of the induction furnace 
greatly accelerated after its uses in vacuum melting had been established. The introduction of the atmospheric 
induction furnace was not as successful as originally expected, essentially for the reason that the agitation 
of the melt, an inherent feature of the operating principle, caused increased oxidation of the processed material. 
In the case of melting under reduced pressure this is an important advantage of the method as it affords 
the opportunity of thorough degassing of the melt. The largest German vacuum induction furnace, still 
in the stage of being built, has a capacity of 1,000 kg. steel. Various induction furnace designs are discussed. 
A certain disadvantage of the principle is the complication of the auxiliary apparatus required to run the 
furnace. Another point which requires consideration is the voltage of the electrical supply. In order to avoid 
discharge phenomena when operating the furnace in the region of 1 mm.—10°§ mm. Hg the voltage of the 
supply should not exceed 150 V. Generally speaking the input should not exceed 150 kW at the voltage 
stated. The use of a crucible makes it impossible to completely eliminate all sources of contamination in the 
melt. This led to the use of arc furnaces and in particular of arc melting with a consumable electrode. There 
follows a discussion of the various factors governing arc melting. The largest arc furnace at present being built 


Element 


/o 


Element 


x 


Tron 
Chromium 
Cobalt 
Nickel 
Molybdenum 
Tungsten 
Columbium 


5 max. 
19 


Titanium 
Aluminium 
Carbon 
Manganese 
Silicon 
Vanadium 


J 


No. 91/III. 


Nominal Composition of Cobalt Base Alloy, 1570 


necessity to be manufactured by melting under vacuum. The composition of the latter alloy is given in a table 
reproduced below. The information given in this article is essentially the same as that recorded in Abstract 


Element 


Iron 
Chromiuni 
Cobalt 
Nickel 
Molybdenum 
Tungsten 
Columbium 


Element 


Titanium 
Aluminium 
Carbon 
Manganese 
Silicon 
Vanadium 


Sommaire: Une communication sur les expériences acquises dans le service de recherches métallurgiques de la 
General Electric Company, pour la préparation d’alliages a base de nickel et de cobalt, par le procédé de fusion 


sous vide. 


Improvements r.t. to Vacuum Furnaces 


Germany. Vacuum furnace equipment is described which facilitates continuous vacuum melting and casting 
as distinct from batch operation. The assembly which is mounted vertically, consists of a charge chamber 
at the top, a heating chamber in the centre, and an ingot mould withdrawal chamber at the bottom. The 
charge chamber and the withdrawal chamber are separated from the heat chamber by slide valves which 
operate in the horizontal plane and seal off the adjoining chambers from each other. Each of the three chambers 
is connected to the vacuum pumping system and each of the chambers can be heated by separate means. The 
charge is lowered from the charge chamber into the furnace chamber by means operated from outside. While 
under heat treatment in the central chamber, the charge is surrounded by a cylindrical heater element such 
as a molybdenum element which in turn is surrounded by screens which stop radiation from the walls of 
the heating chamber which should be water-cooled. A set of screens is also placed in the path along which the 
charge is lowered into the heating chamber. The latter set of screens can be swung out of the way when required. 
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The mould is raised to the pouring position by means of a ram or piston fitted to the withdrawal chamber and 
operated from outside. A number of alternative furnace designs, based on the same principle of operation, are 
shown. 

Sommaire: Description d’un four construit de fagon telle que, lorsque le four est sous vide, la chambre de fusion 
peut étre chargée et vidée périodiquement sans pour cela détruire le vide a l’intérieur du four. 


Vacuum Melting 

United States. The method employed, and the results obtained, in the vacuum melting of a nickel base alloy 
(M252) containing Ni 51.1%, Cr. 19%, Co 10%, Mb 10%, Fe 5%, Ti. 2.5%, Al 1%, C 0.15%, Mn 0.75%, and 
Si 0.5% is described. Two induction furnaces, 50 Ib. and 500 lb., were employed, each mounted inside a double- 
walled, water-cooled, stainless steel tank connected to a rotary pump (200 cu. ft./min., producing a pressure 
of 200 uw Hg), and, via a separate line, to two booster pumps in series with a speed of 1,000 cu. ft./min. at 
10 uw Hg. The power was supplied from a 200 kW 1,920 c./sec. motor generator. Operating coil voltages reached 
400 V. Mechanisms were provided for making additions to the melt and for remote-controlled pouring. Various 
crucible materials have been used including magnesia, zirconia, zircon, magnesia-alumina mixtures and graphite. 
Provision is made for carrying out all operations without breaking the vacuum. A typical operation sequence 
is as follows: Load bulk charge and place additions in charging devices; place pre-warmed ingot mould in 
pouring position; close furnace and rough pump for 2 hr. Heat is applied to assist outgassing before melting. 
Hydrogen treatment follows, if required, whereby hydrogen is blown onto the melt at 100-150 cu. ft./hr. at 
less than 40 mm. Hg for one hour in order to remove nitrogen and reduce oxygen content. Reactive addi- 
tions, aluminium, boron, etc., are made during the last 10 min. of the hydrogen treatment. Then pumping 
is continued until a sufficiently high vacuum is obtained. The charge is heated to pouring temperature as 
quickly as possible and poured at pressures less than 50 u Hg. The ingots so produced show oxygen and 
nitrogen contents of the order of 0.0003 and 0.002 respectively. On ingots subjected to forging, rolling and 
grinding to size, the average yield was 63%. For alloys not containing manganese and silicon a 70% yield can 
be expected. These elements are not required in vacuum melted alloys. Graphs are given showing the average 
tensile elongation of conventionally melted, vacuum melted, and vacuum melted manganese-and-silicon-free 
alloys in the temperature range from 1,200° to 1,500°F. Vacuum melting alone produces a more ductile alloy 
(74% elongation as against 5% at 1,350°F) than conventional melting, and the material not containing man- 
ganese and silicon has almost three times the elongation (20°) at the critical 1,350°F as compared with the 
vacuum melted material including the two elements at the same temperature. See Abstract No. 89/III. 


Sommaire: Rapport des méthodes employées et resultats obtenus dans la fonte d’alliage a base de nickel. 


More Efficient Alloys Through Vacuum Melting 
United States. Many modern developments in high speed and high temperature engineering can be traced 
indirectly to vacuum melting techniques. The advantages offered by these techniques are summarised and 
specific instances of improved materials are quoted. Vacuum melting affords closer control of composition 
and facilititates the removal of volatile impurities such as lead, cadmium, calcium, etc. Dissolved diatomic 
gases—their solubility varies as the square root of the pressures—are removed. This contributes to pore-free 
castings. Reactions can proceed to completion because the gaseous reaction products are pumped away. 
In some cases, completely new alloys have been developed, e.g. the alloy 1570 (General Electric Company), 
which contains about 4% of titanium. This presents an amount which could not be processed by atmospheric 
methods. Reference is made to the improvements obtained by vacuum processing M252 high-temperature 
nickel base alloy strengthened with moderate amounts of titanium and aluminium (see also Abstract No. 91/IIT). 
Vacuum melted iron showed 60-70% greater rupture resistance and up to 400° greater elongation. Vacuum 
melted copper has a conductivity close to 100% of the theoretical value. Vacuum melted materials may replace 
materials of high strategic value such as cobalt in engines and apparatus for civilian use. Brief reference is 
made to the essential components of vacuum melting equipment. A furnace of 350 lb. capacity requires a 
16-inch diffusion ejector pump with a throughput of 40,000 pu 1./sec. at a pressure of 10 uw Hg. Details are given 
of the new 1,000 lb. furnace described also in Abstract No. 107/III. 

Sommaire: On discute différents aspects de fusion sous vide et on décrit le nouveau four a fusion sous vide de 
1,000 livres de charge, installé dans le service Carboloy de la General Electric Company. 


Arc Melting in High Vacuum 

United States. Arc melting is defined as the process of consolidating metal by fusion in inert surroundings by 
means of a high current arc. There are two forms of arc melting: (a) Using a non-consumable electrode and 
(b) using a consumable electrode. In both cases melting is effected in a water-cooled metallic mould. The 
consumable electrode method offers certain advantages, such as high thermal efficiency, elimination of the 
tip material which may be a source of contaminants, and freedom of operation in high vacuum. Details of 
an up-to-date consumable electrode arc furnace are given. The author investigated the energy balance of 
the whole system giving details of the arc balance subdivided into the cathode (drop) region, the column 
and the anode (drop) region, and finally the energy balance within the mould. An analysis of the solidification 
process shows that the ingot is subjected to a severe temperature gradient from top to bottom. During cooling, 
contraction takes place, and, as a result, there is poor thermal transfer between the ingot and the mould 
wall in the lower portions of the mould. It can be assumed that some 80% of the energy conducted through the 
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ingot is passed to the mould wall in the comparatively shallow top layer of fluid metal in intimate contact 
with the wall of the mould. Electron flow follows the same path. This condition is confirmed by the success 
of stirring the bath by the so-called motor action obtained by passing a d.c. current through a coil surrounding 
the mould, and producing a force acting tangentially to the mould wall. There is a trend favouring arc melting 
in high vactium instead of in an inert gas atmosphere. A series of pictures is shown illustrating the behaviour 
of the arc and a tungsten cathodic electrode at various pressures in the chamber. As the pressure increases 
the electrode becomes hotter and consequently its consumption increases. This is advantageous in the case 
of consumable electrode melting but may lead to contamination in the case of a non-consumable electrode. 
The critical condition for operation in high vacuum appears to be the current as related to electrode size and 
mould diameter. At comparatively high pressures the arc formed by the metallic vapour particles is confined 
thus tending to show good stability. At lower pressures the arc tends to spread as the metal vapour becomes 
diffused. The stability of the arc is thus determined by the ability of the electrodes to supply metallic vapour 
in sufficient amounts to maintain a conducting path for the column, and this may be assessed in terms of 
a critical current level for a given electrode size, mould diameter, electrode material and gas pressure. The 
report concludes with remarks on the enhanced deoxidation and purification effects associated with arc 
melting, and points to two problems, inherent in the technique and still presenting difficulties: Homogeneity 
of the melt because of the short period the material is fluid and the difficulty of control of analysis when highly 
volatile additions are made. Arc melting lends itself to continuous casting techniques. Melting rates of 
25-30 lbs/min. can readily be obtained. Practical ingot sizes reach 24 inch. in diameter. 

Sommaire: La fusion par arc sous vide au dessous du 1 mm. Hg réclame une balance plus rigoureuse des 
dimensions des piéces et plus de puissance que la fusion sous gaz inertes. On discute les facteurs associés 
avec le contréle et la stabilité de l’arc, et leur influence sur la fusion. 


A Study of Consumable Electrode Arc Melting 


United States. A series of 45 zirconium ingots has been cast by the consumable electrode arc melting process 
with the object of analysing the effects of power input from 50 to 230 kW and reduced pressure furnace atmos- 
phere to improve the quality of regular 8-inch diameter production ingots made thereby. Electrode consumption 
rate, molten pool volume, melting efficiency, sidewall quality, arc stability, and yield efficiency are considered. 
The use of direct current and alternating current is studied. In conclusion, reduced pressure furnace operation 
is shown to promote electrical efficiency, ingot homogeneity, high metal yield, and arc stability. (See also 
Abstract No. 99/III). 

(Authors) 
Sommaire: Une série de 45 lingots de zirconium ont été fondus au moyen de l’arc a électrode consumable et on 
a étudié les facteurs qui améliore la qualité de lingots réguliers de 8 inches de diamétre, produits par cette 
méthode. 


Wrapped Alloy Core Electrode 

United States. Difficulties have been experienced in producing truly homogeneous alloy ingots of titanium or 
zirconium base metals when employing the consumable electrode arc-melting process. This is largely due to 
the fact that the alloying metal admixed to the base metal electrode stick will not retain its position during 
the feeding operation and the progressive melting down of the electrodes because of its relatively low melting 
point. To meet these difficulties, a new method of producing electrode sticks for the consumable electrode arc 
melting process has been developed. Before the base metal electrode is pressed into its final shape, the respec- 
tive proportionate weight of the base metal and alloying material is determined. Then, from a knowledge 
of the size of the electrode stick, e.g. 1.5 x 3 inch. in cross section and 12 inch. in length, the amount of alloying 
material required per unit length is established and placed on an aluminium foil of the length of the electrode 
stick. The alloying material is then wrapped by folding the foil which has a thickness of 0.002 inch, and this 
sheathed core is firmly embedded in the base metal powder which is placed in the pressing mould before the mould 
is filled up with the base metal. The pressure exerted should be 6-8 tons per square inch. The particle size of 
the base material should be screen No. 2. As long as the core of the electrode has a cross-sectional area not 
greater than half of the total cross-sectional area of the base metal in the stick, the electrode should be of 
sufficient strength. 

Sommaire: Description d’une méthode pour la préparation d’électrodes compactes consumables sous forme de 
baguettes faites d’un métal de base et d’alliages; cette méthode permet d’obtenir une fusion homogéne de 
lingots d’alliages de titanium ou de zirconium comme métaux de base. 


Improvements r.t. Vacuum Arc Melting of High Melting Point Metallic Materials 


United Kingdom. In vacuum melting processes operating according to the consumable electrode principle, 
the arc is drawn between the wall of the water-cooled copper ingot mould and one end of a bar formed from 
powders of the metal to be melted. As the electrode is progressively consumed this bar has to be advanced 
continuously. The measures proposed in the past to facilitate continuous formation during feeding of the 
consumable electrode include the use of a press having an oscillating ram or plunger. The present invention 
describes a simplified method for the purpose. Individual rods consisting of powder pressings are produced in 
matrices or moulds or formed as a continuous length of bar either within or without the furnace, each rod 
having a cross-section less than that of the required electrode and being of any convenient length. The electrode 
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of the desired size. 


Preparation and Arc Melting of High Purity Iron 
United States. In order to facilitate methodical studies into the uses of certain base alloys for specific applications, 
large quantities of iron with impurities in the form of carbon, oxygen, nitrogen, hydrogen and sulphur not 
exceeding a few thousandths of one per cent were required and it was decided to establish a ‘bank’ of high 
purity iron by producing it in lots of 200 lbs. ata time. It is known that decarburisation and desulphurisation 
as well as the removal of nitrogen can be effected by annealing in wet hydrogen at relatively low temperatures. 
It is further known that treatment by dry hydrogen at comparatively high temperature will oxidise the iron. 
Accordingly it was decided to carry out the purification in two stages: (1), Wet hydrogen treatment and (2), dry 
hydrogen treatment. In order to facilitate the purification within a reasonable time, flakes of iron were used for 
the treatment, but as the purified material was required in bulk the treated iron was melted into ingots of 15 lbs. 
by an arc-melting process after completion of the treatment. Electrolytic iron flakes were used as raw material 
because of their low metallic impurity. The flakes were induction-melted in an argon atmosphere and sub- 
sequently fabricated into sheets from which tubes were formed 2 inch. in diam. and 72 inch. long. The tubes 
were crimped at one end and filled with chips of electrolytic iron. Seven of these tubes were then packed into a 
gas tight electrolytic iron tube closed at one end and surrounded by a mild-steel jacket. Argon was circulated 
through the space between the tube and the jacket to prevent diffusion of gases into the purification zone, 7.e. 
into the interior of the tube holding the seven tubes filled with electrolytic iron chips. The assembly was placed 
in a gas-fired semi-muffle furnace and the purification zone was connected to a hydrogen supply. The furnace 
was heated to 1,400°F. Annealing at this temperature was carried out for 6 hr. during which time there was 
sufficient oxygen in the iron to wet the hydrogen. In a second run lasting 32 hr. the gas had to be saturated 
by bubbling it through water at 160°F. On completion of the wet hydrogen treatment the temperature was 
raised rapidly to 2,100°F and then slowly to 2,300°F. At this temperature dry hydrogen was circulated in two 
runs, the first lasting 51 hr. and the second 65 hr. Details of the method of purifying the circulating hydrogen 
are given. At the end of the annealing process the iron was cooled in dry hydrogen to 1,100°F and then in 
argon to room temperature. On completion of the purification process the tubes containing the electrolytic 
iron chips were employed as consumable electrodes in the arc-melting process required to obtain the ingots 
Because electrical contact between the flakes was poor the tube holding the flakes became 
overheated and tended to melt before it reached the arcing zone. In order to overcome this the current had to 
be introduced close to the arc. Contact between the moving electrode and the electrical supply was effected 


itself is made up of a number of such rods arranged side by side and end to end, held together by the feeding 
device. Special conveying means can be avoided if the electrode consists of two bars staggered with respect 
to each other, one containing a groove and the other a tongue or projection fitting into that groove. 

Sommaire: On propose un dispositif spécial de formation et d’alimentation continue d’électrodes consumables 
employées dans la fusion par arc. 


Analysis, % 


Oxygen* Nitrogen* Hydrogen* Carbon* 
A9854§ 0.0022 < 0.0002 0.00002 0.003 
A9855 0.0024 0.0001 0.00001 0.005 
A9857 0.0061f 0.00009 0.000016 0.004 

0.0060 0.00007 0.000053 

A9858 0.0023 0.0004 0.00002 0.006 
B252 0.0049f < 0.00007 0.000026 0.004 
B253 0.0028 < 0.00009 0.000019 0.004 


Metallic Impurities in High Purity Ivon 


* Oxygen, nitrogen and hydrogen analyses were made by the vacuum-fusion method. 
+ Carbon analyses were made by a combustion method. 

Products of combustion were measured by a conductometric method. 
t These ingots were apparently contaminated with water vapour while being are melted. 
§ Analyses were made on this ingot as cast. All other analyses were made on ingots which had been 
forged and annealed. 
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Ingot A9855 


Impurity 


Aluminium 
Antimony 
Arsenic 
Beryllium 
Boron 
Calcium 
Cadmium 
Chromium 
Cobalt 
Copper 
Gallium 


0.003 Lead 

0.001 Magnesium 

0.005 Manganese 
< 9.0005* Molybdenum 
< 0.0005 Nickel 

0.0001 Phosphorus 
< 0.005* Silicon 

0.0005 Tin 

0.002 Tungsten 

0.005 Vanadium 


< 0.005* 


Ingot A9855 


0.005 
0.0002 
0.0008 
0.001 
9.001 
0.0016 
0.001 
0.001 
< 0.001* 
0.0004 


* Not detected. 
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by a device consisting of two clamps, one fixed and one moveable, alternately gripping the electrode and 
thus minimising the risk of secondary arcing. The furnace was evacuated prior to use and flushed with argon. 
An argon atmosphere was maintained during the actual melting process. D.c. current was used, the melt being 
the positive electrode. The arc current ranged from 700—-1,000A, and the voltage from 35-55V. The tables 
on the previous page give the carbon, oxygen, nitrogen and hydrogen content of the ingots and details of 
metallic impurities present in the product. 


Sommaire: Description d’une méthode pour purifier le fer en fournée de 150 livres, ou plus. 


The Arc Melting of Metals and Its Application to the Casting of Molybdenum 


United States. The demand for metals with high creep resistance has greatly increased the interest in molybd- 
enum, tantalum and tungsten which are the only refractory metals available in sufficient quantities. The 
metals are obtainable commercially in the form of pressed and sintered units manufactured by powder metallurgy 
methods. Their use in this form is limited because the bars obtained by this method are of limited dimensions. 
Park and Ham have developed an arc melting process which facilitates continuous melting employing a con- 
sumable electrode. The investigation reported here is concerned with the technical details of the plant and 
the operational conditions of the process. The consumable electrode has the shape of a rod which is 6 ft. long. 
Feeding is automatic. The arc between the electrode and the water-cooled copper mould has a length of ? inch. 
The mould consists of a section of copper tubing 1? inch in diameter and 7—12 inch. long. The mould rests on 
a steel base plate which in turn is fixed to the bottom of the cylindrical furnace chamber of 10-inch. diam. 
The ingot is built up in the mould on a molybdenum disc and the molten metal entering the mould solidifies 
instantaneously on contact with the mould walls. The pool of molten metal created in the process is com- 
paratively small throughout the operation. The columnar structure of the ingot is demonstrated in illustrations. 
The pumping unit consists of a 9-inch., 3-stage oil diffusion pump backed by a rotary pump and produces a 
pressure of 0.01 u Hg before melting is started. During melting the pressure rises to 0.1 » Hg ,and to 0.3 uw Hg 
while alloying additions are made to the melt. These additions are fed to the melt by means of a vibrating 
trough and hopper system located within the evacuated chamber and controlled from outside through a 
bellows seal. Other methods of adding alloying materials, e.g. the plating of the electrode with the alloying 
material, have been tried but found unsatisfactory. The furnace was operated with an a.c. and a d.c. arc. 
The results obtained with a 10 mm. diam. consumable electrode are summarised in a table, see below. When 


Burn-Off Data for Molybdenum Electrode, Using 950 A Arc 


Burn-off Rate, Diameter of Weight of 
g./sec. Spattered Spattered 
Globules, mm. Globules, q. 


Electrical Supply 


D.C. (positive) od é 0.6 —1.8 
D.C. (negative)* 5. 0.15—0.35 
A.C. a 2-24 0.04—0.08 


* Type of burn-off with valleys cut into the sides. 


operating in a vacuum, a d.c. arc maintained at 1,200A with the consumable electrode negative gave the 
best results. When operating in an argon atmosphere, the consumable electrode should preferably be positive 
and the arc currents should be raised to 2,000A on account of increased heat losses. De-oxidation by carbon 
had a beneficial effect in the case of vacuum melting but in the case of melting in argon, aluminium seemed to 
be more promising. The effect of various alloying elements such as tungsten, iron and cobalt on the grain size is 
also being investigated. 

Sommaire: On discute divers aspects de la méthode de fusion a l’arc, appliquée au moulage du molybdéne. 


Production of Zirconium Alloys by Consumable Electrode Arc Melting 


United States. A consumable electrode double-melting technique for the production of zirconium is described. 
Only a small amount of scrap is produced and this is easily recovered. The increase in effective metal recovery 
(on the average 95°) and decrease in forging and rolling loss compensates for the remelting cost. The first melting 
furnace employs 2 x 2 x 20 inch. electrodes pressed from zirconium sponge at 50 ton./sq.inch. and operates in 
inert gas at atmospheric pressure. The electrode sections are joined together with the help of rubber gloves 
sealed into the furnace wall employing a tungsten electrode welding arc. The consumable electrode passes 
through steel drive rolls and water-cooled copper rolls, the latter supplying the melting current (5,000A at 40V). 
The other electrode is a water-cooled copper cup. The furnace is fitted with an alloy-adding device which has 
certain advantages over the alternative method of adding powder, shot or wire of the alloying agent centrally 
to the zirconium sponge at the time of pressing. The new device facilitates the dropping of the appropriate 
length of wire of the alloying agent into the molten metal at regular intervals. Details of another alloy-adding 
device, a pill-feeding arrangement, are also given. Improved distribution of the alloying agent throughout the in- 
got was obtained by the use of a d.c. magnetic field produced in the furnace by appropriate means, causing the 
pool of molten metal in the copper cup to spin and mix. The magnetic field, which requires no more than 0.2A 
for its maintenance, also prevents the arc from wandering onto the side wall of the copper cup. The second 
furnace is similar to the first except for the mould and the power supply. The consumable electrode is made up 
by nippling together several 6-inch. diam. ingots produced in the first furnace, and is supported by a water- 
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cooled copper pipe. The electrode assembly is lowered into the furnace by means of a geared winch connected 
through vacuum seals. Vacuum melting as distinct from melting in hydrogen can be used if it is desired to 
reduce the concentration of hydrogen. A mechanical vacuum pump with a capacity of 110 cu.ft./min. is suffi- 
cient to maintain a pressure of 4cm. Hg. The second furnace can produce ingots from 8 to 14 inch. diam. The 
power input ranges from 20 to 240 kW. Average power consumption is about 0.25 kWhr./lb. of zirconium. The 
homogeneity of an alloy ingot produced by this method is illustrated for the case of tin, a metal most difficult 
to alloy with zirconium, in a table reproduced below showing the tin content (specified at 2.59%) at 15 different 


Position Tin, % 


Position 


Position 


l 6 2.50 11 2.46 
2 2.51 7 2.50 12 2.51 
3 2.48 8 2.50 13 2.51 
+ 2.49 9 2.51 14 2.50 
5 2.51 10 2.51 15 2.49 


positions in the ingot. Figures are given for the oxygen and nitrogen contamination produced during arc 
melting. (See also Abstract No. 94/III). 

Sommaire: On discute la technique et les avantages de la fusion et pré-fusion a arc a électrodes consumables 
dans la production d’alliages de zirconium. 


Variations and Modifications of the Kroll Process for Production of Zirconium Metal 


United States. Various attempts have been made to modify the Kroll process for the production of zirconium 
in order to facilitate continuous operation. On the whole these attempts were unsuccessful but in an investi- 
gation, aimed at streamlining the various production steps, the plant capacity has been doubled without 
additional capital expenditure. Details of the measures taken to obtain this result are given. Asa first step, the 
reduction process was closely investigated and it was found that in the course of the process a semi-fiuid 
zirconium-magnesium ‘mud’ is formed which is extremely ditficult to manipulate. This ruled out the possi- 
bility of accelerating the process by mechanically handling the reaction mass. The other alternative was to 
produce more of the reaction mass in each operation but this required that some part of the usual charge was to be 
reduced in volume. Therefore, subsequent efforts concentrated on obtaining a denser zirconium chloride. Various 
methods to effect this were investigated but no significant results could be obtained. Asa third line of approach, 
various methods of removing the magnesium chloride were investigated. It was found that the drainage of mag- 
nesium chloride by gravity was a practical proposition and this led to a new design of the retort containing a 
weir-type of crucible from which the molten magnesium chloride was continuously drained while the zirconium 
magnesium mud formed at the bottom of the crucible and molten magnesium collected at the top of the 
charge in the crucible. The reaction came automatically to a halt when all the magnesium was consumed. 
Finally, the removal of reduction by-products by vacuum distillation was speeded up by reducing the delay 
caused by cooling the equipment after distillation proper was over. This was effected by admitting helium to 
the retort when the temperature had fallen to 450°C, the gas having been cooled under high vacuum before 
entry into the retort. This permitted a saving of about 6 hr. per run. The modifications described have resulted 
in an improved method for producing zirconium, termed the combination purification—reduction ‘PR’ method. 
A complete sequence of operations of the new method is given. 

Sommaire: Cet article traite des modifications du procédé de Kroll pour la production de méta! de zirconium 
comme celui développé par le U.S. Bureau of Mines. 


Titanium 
See Abstract No.: 197/I 


Bottom-Pour Furnace for Casting Titanium 
United States. The tilting-type arc melting furnace employed by the authors for the casting of titanium was 
of limited use as it required a charge of 12} lb. in order to obtain 2 to 3 Ib. of fluid metal from which an ingot of 
no more than 1} lb. could be cast. While designing a furnace of larger capacity it was decided to change 
from the tilting type to the bottom-pour type because, among other advantages, more flexibility in gating and 
risering design was possible and the pouring arrangement was simpler and easier to operate. The furnace consisted 
of two chambers, a crucible chamber and a mould chamber, mounted vertically. A sprue connected the mould 
to the crucible in the upper chamber. The crucible consisted of a water-cooled copper cylinder with a graphite 
base. A hole in the centre of the base was of the same diameter as the sprue but was plugged with a molybdenum 
disc. The water-cooled tungsten electrode projected through the top of the upper chamber and was fitted toa 
flexible rubber tube which facilitated moving the tip of the electrode as required. The power was obtained from 
two 900A d.c. welding generators connected in parallel. The arc was struck at 500A, the current subsequently 
raised to 800A while the arc was passed over the material to fuse the charge, and then eventually raised for a 
short period to 1,600-1,800A to superheat the molten metal. The capacity of the graphite crucible was 25 lb. 
and the material was ready for pouring after 25 min. The electrode was then held over the hole in the crucible 
base and the power increased to melt the molybdenum plug. This took about 1 min. after which the metal 
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passed through the sprue into the mould. On entering the sprue the metal melted a fine copper wire and thus 
triggered off a relay system which opened a connection between the furnace and a manifold in the vacuum 
system, as a result of which the pressure in the mould chamber was lowered instantaneously facilitating gas- 
free castings. Pouring time was 6—12 sec.; castings weighing up to 10 lb. were obtained. The amount of metal 
which can be poured is limited by the depth of the molten metal in the crucible which can be penetrated by the 
arc for the purposes of melting the molybdenum plug. The present maximum depth is 34 inch. The diameter 
of the crucible is 9 inch. 

Sommaire: Détails d’un four pour la fusion du titane dont le fond du creuset s’ouvre pour la coulée, le tout sous 
pression réduite. 


Moulds for Titanium Castings 
United States. Various materials have been investigated with regard to their suitability as mould material 
for titanium. Machined graphite moulds are known to be inert to molten titanium but are expensive to make 
and have a short life. Refractory oxide shell moulds on the other hand are cheap to make but are not inert 
to molten titanium. The investigation reported here was concerned with a reduction of the mould reaction 
in refractory oxide shell moulds by adding chemical inhibitors, and the development of expandable graphite shell 
moulds which are as inert to the titanium as the machined graphite moulds. A standard casting was employed in 
the experiments which had a rectangular shape 6 inch. long and 2 inch. wide and was of a thickness varying in 
6 steps from 2 inch. to } inch. The furnace was of the tilting skull—-melting arc type. To prevent contamination 
of the skull by mould gases, a vacuum was applied to the mould chamber as the castings were poured. This 
was effected by opening a quick-acting valve connected to a vacuum manifold just before the furnace was tilted. 
The hardness of the castings, 150 Brinell, indicated that contamination as a whole was small, but it was found 
that all the moulds tested contaminated the surface of the titanium castings and a method of pickling was 
devised employing a solution of 50% of sulphuric acid and 25 g. of ammonium bifluoride per litre of the solution 
which successfully removed the surface layer to the depth effected at a rate of 0.009 inch/hr. if the bath was at a 
temperature of 95°F, and at a rate of 0.015 inch/hr. if the temperature was 120°F. To prevent pitting, the 
solution has to be agitated during the process. It was found in the experiments that the graphite shell moulds 
produced the least surface contamination. In addition, they produced a good surface finish and there was 
complete freedom from pinholes on all sections up to and including 2 inch. The expendable type of graphite shell 
mould developed during the experiments was prepared from a mixture of properly sized graphite particles 
and 12 wt. % phenol-formaldehyde resin acting as a binder with some kerosene added to prevent dusting. 
The particle size is shown in a screen analysis given in tabular form. The addition of inhibitors to refractory 
oxide mould mixtures reduced, but did not eliminate, pin-holing. The inhibitors investigated were ammonium and 
magnesium silicofluoride but it was found that if employed in quantities above 1 wt. °, of the mould mixture 
the inhibitors harmed the surface finish of the castings. Castings made in an alumina shell mould containing 
4 wt. % magnesium silicofluoride had a better surface finish and fewer pin-holes than those made in either 
silica, zircon, or zirconia shell moulds. 

Sommaire: Discussion de résultats obtenus dans la recherche sur la réalisation de moules a coquille extensibles 
pour la moulage du titane. 


Production and Purification of Titanium 
See Abstract No.: 198/I 


Production and Purification of Titanium 
See Abstract No.: 199/I 


Apparatus for the Vacuum Melting of High Purity Materials 


United States. Details are given of an apparatus for the purification of silicon by vacuum melting to facilitate 
the use of the element as transistor material. The process is normally carried out in quartz containers, but due 
to compounds forming between the melted silicon and the quartz at the quartz container interface, breakages 
frequently occur during cooling. This involves loss through contamination of the material and high cost of opera- 
tion as quartz is expensive. In the present apparatus this difficulty is largely overcome by surrounding the vessel 
in which the silicon is melted by a quartz envelope which is evacuated separately, thus preventing contamination 
and rapid pressure changes in the case of breakage. In detail, the assembly, operated in an upright position, 
consists of an inner tube of $ inch diam. closed at the bottom end, the bottom part of it being quartz and the 
upper part of it being Pyrex glass joined by a graded seal. The quartz section of the tube holds about 40 g. of 
silicon powder and is surrounded by a carbon bucket situated in the outer envelope. The latter, flanged at the 
top end, is sealed by means of vacuum grease to a Pyrex glass dome provided with an outlet connecting to a 
vacuum pumping unit. The tube, holding the material to be treated, passes through the top of the dome and is 
connected to another pumping unit. The inner tube and the envelope are evacuated to 10°> mm. Hg. The 
heat required to melt the silicon (m.p. 1,430°C) is produced by an r.f. induction system heating the carbon 
bucket up slowly to 900°C. This temperature is maintained for about 1} hr. to remove volatile contaminants 
and then increased in stages to the high temperature required, at which it is maintained for about } hr. Cooling 
has to be effected slowly, by 200°C in the first two hours, and by 300°C in the following two hours, whereupon the 
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induction heating is switched off and the furnace permitted to arrive at ambient temperature. The purified 
material is removed by breaking the seal, removing the dome with the inner tube attached to it and cutting 
the tube at a convenient area of its Pyrex section. The arrangement has the additional advantage that the 
provision of the carbon bucket outside the container prevents any impurities contained in the carbon from 
reaching the material during the purification process. 

Sommaire: Description d’un four perfectionné pour la purification de silicone employé comme matériau pour 
transistron, consistant en une enveloppe extérieure vidée séparément afin d’éviter les effects nuisibles d’une 
panne pendant l’opération. 


Vacuum Melting Furnace Installation at Carboloy Plant 

United States. A semi-continuous vacuum furnace in operation at the Detroit plant of the General Electric 
Company is described. The furnace produces two 1,000 Ib. heats per shift but its design allows for increased 
capacity. The furnace consists of three chambers, a charging, a melting and a mould chamber. Locks between 
the chambers make it possible to charge the crucible and remove the ingots without breaking the vacuum in 
the main furnace chamber. All instruments and push buttons are arranged on three panels controlling the 
power system, the vacuum system and the movement of the moulds respectively. The panel covering the 
vacuum plant shows a schematic diagram of the vacuum system with pilot lights indicating the progress of the 
operation. Two roughing pumps of 500 cu.ft. and 300 cu.ft. reduce the pressures in the chambers to about 
500 u Hg. A three-stage oil diffusion pump is employed to produce high vacuum of the order of less than 1 wu Hg. 
The charges are loaded into special containers about the size of a dustbin which melt together with the charge 
and thus contribute to the alloy to be produced. The container holding the material is placed in the charging 
chamber. The chamber is sealed and evacuated to an intermediate vacuum pressure. Then a sliding valve 
forming the bottom of the charge chamber, is opened and the charge, still hooked to a windlass arrangement 

is lowered into the crucible in the main furnace chamber. The hook is raised and the sliding valve is closed 

Heating is effected by the induction method and temperatures round about 3,000°F are maintained during 
the 1 hr. melting period. During the melting process the charge tends to shrink. In order to maintain the charge 
at a maximum capacity, bulk additions are made from material kept in a separate charging lock which is evac- 
uated prior to connecting it to the main furnace chamber. Provisions are made for hydrogen treatment of the 
melt. Alloying additions are made through special ports after completion of the hydrogen treatment. Sampling 
ports are also provided. The ingot moulds rest on a turntable which is situated in a bell-shaped container 
forming the mould chamber. The container is mounted on a platform which runs on tracks. When the melt is 
ready for pouring the container is brought into position and connected to a 30 inch-diam. valve at the bottom 
of the furnace chamber and pumped down. The valve is then opened and one of the moulds is raised on a 
hydraulic ram into the pouring position within the furnace chamber. Six ingots can be produced in turn before 
the mould chamber has to be disconnected. Ingot sizes range from 100—1,000 Ibs. (See also Abstract No. 92/III). 

Sommaire: Détails d’un four a charge de 1,000 livres installé dans le service ‘carboloy’ de la General Electric 
Company. Voir Sommaire No. 92/IIT. 


Improvements r.t. the Sintering of Powder Metallurgical Shaped Articles 
United Kingdom. Details are given of a method whereby shaped articles are prevented from deforming during 
the sintering process. This frequently happens in the conventional sintering process where heavy metal articles 
contain also low melting metals which soften during the treatment. An embodiment of the invention is des- 
cribed giving the details of the arrangement for the sintering of a turbine disc. The disc mounted on a hori- 
zontal steel shaft in a molybdenum sheet box, the shaft runs through the box and is revolved by a chain 
drive outside the furnace. Heating is provided by molybdenum elements supplied from water-cooled leads 
The furnace walls which are water-jacketed, are protected by suitable baffles from the heat of the molybdenum 
elements. In the arrangement described gravity flow is continuously conteracted. In order to avoid com- 
plicated shaft seals in the chamber walls, rotation of the steel shaft may be effected by a magnetic coupling. 
The furnace is evacuated during the process, or filled with an inert gas. 

Sommaire: Description d’un arrangement qui empéche des piéces, constituées par des parties de métaux durs 
mais aussi de métaux a point de fusion bas, de se déformér pendant le frittage sous vide. 


Titanium and Zirconium Tubing Annealed in Vacuum Furnace 
See Abstract No.: 201/I 


Vacuum Annealing Upgrades Metals 
United States. The advantages of annealing materials such as titanium are briefly described. Its greatest merit 
is the elimination of hydrogen embrittlement which is a frequent occurrence while fabricating titanium parts. 
Appreciable savings can be effected by vacuum annealing rejected titanium forgings, for instance, but as the 
plant required is comparatively expensive, few firms are willing to purchase the equipment required for the 
purpose. As a result, firms specialising in vacuum annealing and degassing titanium or other metals, have 
been formed to serve fabricators and the activities of one such firm is discussed in detail. Reference is made to 
the vacuum annealing furnace described in Abstract No. 201/I. 

Sommaire: Des détails sont donnés sur les avantages offerts par le recuit sous vide de piéces de titane, usinées; 
on se référe aux usines se spécialisant dans ce procédé comme service organisé pour d'autres fabricants. 


J. R. Leibowitz & 


2,707,719 


107/111 


Article by 
} Anon. 
| Industr. Heating 
22, July 1955 
1356-1368, 
1500-1506 
& 
Article by 
W. G. Patton 
Iron Aqe 
23.6.1955 


| 
| 95-97 
| 


108/IIT 


| 

Metro-Cutanit 
Ltd. 

| Brit. Pat. 


732,182 


109/III 
} 
| 


Note by 
Anon. 
Mater. & Meth. 
May 1955 
11 


Vacuum 


October, 1955 
Vol. V 


= 
U.S. Army 
U.S. Pat. 
| 
| } 
| 
: 
| 
| 4 
299 


VACUUM 
Classified Abstracts 


Abstract No. 
and References 


III — Vacuum Processing Techniques — III 
Contd. 


Note by 
T. H. Schofield 


Proc. Phys. Soc. 


67B, Nov. 1954 
845-847 


112/111 
113/111 
114/111 


116/III 


Article by 
H. F. Bishop, 
E. E. Layne & 

W.S. Pellini 

Foundry 

December 1954 
78-83 


An Apparatus for Heat-Treatment and Quenching Small Specimens in a Vacuum from High Temperatures 


United Kingdom. An apparatus has been developed for the heat treatment and quenching of specimens of a 
size about 3 cu.inch. which, in the case of titanium-rich alloys, weighs about 0.5 g. Heat treatment and 
quenching facilities are both provided in the same evacuated enclosure. The heating element is a spiral tungsten 
wire surrounded by radiation shields on all sides. The bottom and top radiation shields can be lifted to allow 
for the quenching operation. The specimen is contained in a cylindrical molybdenum crucible 3 inch long and 
#; inch outside diameter. At the top the crucible is closed by a loosely fitted stopper which has a hole in the 
centre. The temperature prevailing within the crucible is determined by sighting an optical pyrometer on 
the hole in the stopper. The melting of Van Arkel titanium was determined in the apparatus by slowly heating 
specimens of the material to a temperature of 1,660°C in one case and 1,670°C in another, holding these tem- 
peratures for 2 min. in each case. Subsequent inspection of the specimens showed that melting had occurred 
at the higher temperature but not at the lower temperature, confirming previous melting point determinations. 
The crucible rested loosely on a refractory disc which in turn rested on a small platform, the latter being 
supported by an alumina tube. The alumina tube was fitted to a rod passed into the furnace chamber through 
the furnace base. The rod could be raised by a lever attached to it outside, and through appropriate linkage 
the upper radiation shield was lifted simultaneously with the crucible by an amount of about 33 inch. so that 
the crucible was well outside the heater element. Through further appropriate mechanical linkages the crucible 
was turned over and the stopper and specimen fell out into an oil bath situated within reach of the mechanism. 
The whole operation takes a fraction of a second. The maximum temperature is 2,000°C and power consumption 
500W. 

Sommaire: Description d’un appareil construit pour traitement a la chaleur et refroidissement de petits spéci- 
mens, sous vide. 


Oxygen Content of Grey Cast Iron Increases with Time 
See Abstract No.: 192/I 


Hydrogen in Cast Iron 
See Abstract No.: 81/II 


Hydrogen in Steelmaking 
See Abstract No.: 194/I 


A Method of Determining the Hydrogen Content in Materials, Principally Steel 
See Abstract No.: 195/I 


A Practical Method for Vacuum Degassing of Non-Ferrous Metals 

United States. Porosity defects in non-ferrous castings vary from the globular type which is pressure tight 
but presents a poor machining surface to the interdendritic type which is not pressure tight. While the former 
type of defect is solely due to gas evolution during solidification, the latter may be due in addition to a deficiency 
of feed metal, and remedial action would involve increasing the degree of directional solidification by special 
means. Reference is made to work recently carried out at the Naval Research Laboratory on this subject which 
furnished some results on the degree of directional solidification required in order to produce sound castings, 
but the article is essentially concerned with the degassing of the melt and its effects. Aluminium alloys, con- 
taining 4°, copper or 7% silicon, were employed in the experiments and cast into shapes representing differences 
in directional solidification. Pouring in air invariably produced porosity, but pouring in vacuum of 0.001 mm. 
Hg produced completely sound castings in shapes featuring strong directional solidification whereas castings 
with weak directional solidification showed porosity when melted in vacuum. The experiments also showed that 
a satisfactory degassing unit could be developed operating at pressures equivalent to the ultimates of mechanical 
vacuum pumps. Details are given of a unit which essentially consists of a large degassing chamber with a 
removable lid which is connected to a 5 h.p. mechanical vacuum pump. In operation, a crucible containing the 
molten metal is lowered into the degassing chamber. The lid is placed in position and the pressure is reduced 
to about 3 mm. Hg within about 2 min. Asa result the melt boils as the gas is evolved. As degassing proceeds 
(for a total not exceeding 15 min.), and the pressure falls to 0.2-0.3 mm. Hg, the melt becomes quiet and is 
ready for pouring. Due to the considerable expansion of the evolved gas at the pressures employed in the 
plant, an appreciable amount of dross collects on the surface which is skimmed off before pouring. Aluminium 
which is to be poured at 1,250°F should have a temperature of 1,275°F at the beginning of the degassing 
treatment if it has been heated up on a gas-fired furnace, and 1,550°F if it has been heated by induction. The 
reason for the high latter figure is that the crucible remains at acomparatively low temperature in the case of 
induction heating. Degassing in the plant described produced sound castings every time as long as the pouring 
temperature did not exceed 1,250°F. Above that temperature small traces of porosity could still be noticed. 


Sommaire: On démontre que le traitement du dégazage par le vide, tels que celui employé dans la pratique des 
opérations de fonderie, en employant des pompes méchaniques, élimine effectivement le probléme des gaz. 
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Metal Quality Tests I. Non-Ferrous 
See Abstract No.: 190/I 


Some Recent Developments in the Lost-Wax Casting Process 

United Kingdom. One of the fundamental difficulties in preparing wax patterns is the formation of ‘sinks 

and ‘draws’ after the wax has been injected into the die. In the case of small patterns this can be overcome 
by applying a pressure of up to 2,000 p.s.i. during injection and keeping the temperature of the wax low. But 
for the case of large patterns a method of producing shell-patterns has been developed, whereby a pin is 
inserted in the mould and remains in place during the actual filling stage of the die. Compressed air is applied 
after completion of the filling and the pin is removed after about 2 min. with the result that the liquid wax 
is blown through the wax pattern and a hollow shape is obtained. Details are given of a vacuum wax-injection 
machine employed with complicated dies. The die and the platen are assembled within a metal cover which is 
moved pneumatically. The system is evacuated and wax is introduced under pressure, but the use of compressed 
air to offset contraction is unnecessary. Solid moulds prepared by investing the wax pattern assembly with an 
ethyl silicate bonded slurry presents various difficulties essentially due to the fact that the wax has an expansion, 
ten times that of the mould material. This can be largely overcome by storage of the moulds at a tem- 
perature not varying more than +2°C and the use of an appropriate method of wax removal. Another 
important factor is the permeability of the mould. A new development is the Investment-X process, where a 
shell mould is formed by a succession of up to eight dip coatings, resulting in a mould with a wall thickness of a 
4-4 inch. The wax is removed by treatment with trichlorethylene vapour. For some applications the moulds 
are fired and cast without further support. While this process is particularly useful for large moulds it cannot 
be employed where internal shapes do not allow for a shell wall of adequate thickness. Vacuum casting may 
recommend itself where the component has a shape which does not suit centrifugal casting. The mould is placed 
in a canister which has a ceramic funnel sealed into its lid. The funnel is normally sealed-off by a metal dia- 
phragm, thus facilitating the evacuation of the canister with the help of a mechanical pump. Casting is effected 
by pouring molten metal quickly into the funnel. As a result the diaphragm is pierc ed and the metal is drawn 
into the mould. Casting certain steels by this method may cause gas evolution and in that case a vacuum as 
low as 26 inch. Hg should be applied. 

Sommaire: Description de méthodes améliorées pour faire des modéles en cire, 
déverser des métaux en fusion. 


des moules réfractaires et pour 


Precision Casting with Vacuum and Inert Gases 
United States. Precision casting of model ship propellers comprises the following stages: Development of the wax 
pattern, de-waxing, drying of the investment mould and casting. In the conventional process, de-waxing and 
drying of the mould, the latter being carried out at 400°F, takes about 3 days. This period can be cut to 8 hr. 
by interrupting the cooling at 250°F and transferring the mould to a steel chamber which can be evacuated 
The lid of the chamber has a hole sealed by a thin steel diaphragm. A tube section is placed on top of this 
diaphragm, a vacuum is drawn in the c hamber, nitrogen is admitted to the chamber and the molten metal is 
poured into the tube section. Under the weight of the metal the diaphragm is pierced and the atmospheric pres- 
sure forces the metal in without allowing air to enter. In the case of small propellers, the chamber has a diameter 
of 20 inch. and nitrogen is admitted at a pressure of 10 inch. In the case of larger propell 
24 inch. diam., the chamber has a diameter of 36 inch. The nitrogen atmosphere is provided to preven 
and scale formation on the surface. 

Sommaire: Description d’une méthode qui réduit le temps du coulage de précision de pr 
bronze, pour modéle de magasin, jusqu’ a moitié de celui nécessaire avec la méthode conventio 


measuring up to 
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oxidation 


ypulseurs de bateau en 
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The Frozen Mercury Process of Investment Casting 

United States. Details are given of an investment casting process, employing mercury instead of wax, which i 
practised by the Mercast Corporation. Wax patterns show a volumetric expansion of 9% during the melt- 
ing-down stage, resulting in a strain on the mould walls of approximately 0.03 inch per inch of the casting 
in any direction, whereas frozen mercury on melting shows a volumetric expansion of s 5% producing a linear 
strain on the mould walls of 0.018 inch per inch. Asa result, refractory shell moulds can be used with a thickuess 
not exceeding + to } of an inch and the sizes of the castings can be larger, measuring more than 42 inch. in any 
one direction and weighing more than 300 lb. Such moulds are of good permeability and therefore the process 
lends itself to vacuum casting procedures; also the moulds do not react with materials such as molten titanium. 
Finally the self-welding properties of frozen mercury, generally termed ‘booking’, facilitate the production of 
complex shapes. The process consists of the following stages: Liquid mercury is poured into a steel die. The 
die assembly is slowly lowered into a bath containing a mixture of acetone and solid carbon dioxide at a tem- 
perature of —100°F. While the die is lowered into the bath feeding with liquid mercury continues to counteract 
any shrinking effects. In the case of complicated structures, a match plate is employed which, after freezing 
of the mercury, is withdrawn and the two frozen parts are brought into contact and will immediately adhere to 
each other. Any repairs which may be required when the die has been dismantled can be effected by adding a 
small piece of frozen mercury and smoothing the affected area into the general contour of the surface. The shell 
mould is produced by dipping the frozen mercury pattern into slurries of the ceramic material which is at a 
temperature of —80°F. The first coating, only a few thousandths of an inch thick, takes only a few minutes 
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drying time. After completion of the shell mould the mercury is extracted by pouring liquid mercury on to the 
frozen metal through the sprue or gate. Wastage of the mercury is negligible. The green moulds are heat- 
treated in furnaces at 1,850°F for 2 hr. After cooling in air, the moulds may be stored for indefinite periods of 
time. For vacuum casting, the mould is placed in a flask packed loosely with steel shot or coarse sand, and the 
flask is sealed with ceramic cement. Suction is applied through the bottom of the flask which ensures uniform 
filling of the mould cavity. This makes it possible to cast very thin sections. The article concludes with the 
description of various components successfully produced by the method. 


Sommaire: Description d’un procédé semblable a celui de la ‘cire perdue’ dans lequel du mercure remplace la cire. 


The Electrodeposition and Refining of High-Grade Chromium 
See Abstract No.: 204/I 


Formation of Compact Pieces of Grey Tin 
See Abstract No.: 212/I 


Carbonyl Process 

United States. An improved method of pyrolitic plating is described. It applies to the deposition of the pure 
metal of tungsten, molybdenum and chromium and to the deposition of carbides of tungsten and molybdenum. 
It facilitates the control of the crystalline structure of the deposit by adjusting various operational factors, 
thus yielding strongly adherent coatings which are of unexpected hardness without being brittle and sufficiently 
tough to permit stretching or distorting of the metal body coated without cracking or breaking. Essentially 
the method provides for the surface to be coated to be kept at a temperature ranging from 200°-600°C while 
carbonyl vapour of a metal selected from the group consisting of tungsten, chromium and molybdenum is 
passed over it and carbon monoxide is added to the vapours. In addition hydrogen is added at a quantity of 
up to 1,000 molecules of hydrogen per 1 molecule of the metallic carbonyl present over the surface treated. The 
pressure during the deposition process is kept at 0.001-12 mm. Hg. The thickness of the deposit is of the order 
of 0.002 inch and deposition time is of the order of 30 min. Heating of the surface to be coated is effected 
dielectrically. Details of the equipment proposed for use with this method are given. Cleaning of the surface 
to be coated prior to deposition can be effected by conventional means or by heat treatment in a vacuum at 
600°C. It is proposed to add a hydrogen treatment in order to remove the most troublesome impurities generally 
present, 7.e. the metallic oxides. The plating of pure metals or carbides depends on, and is a result of, the 
combined function of temperature and carbon monoxide pressure. For instance, when plating molybdenum, 
beginning at about 600°C and continuing at about 450°C, metallic molybdenum is deposited as long as the 
carbonyl gas is admitted at a low rate and the carbon monoxide gas atmosphere is kept at a low concentration 
by rapid pumping. Operating at the same temperature and high carbon monoxide concentrations, molyb- 
denum carbide with a hexagonal crystalline structure is deposited. Operating at low temperatures, say 
250°C and low carbon concentration, the deposit is a carbide which shows a face-centred cubic arrangement. 
Admitting hydrogen in the quantities stated during the plating process, besides effecting reduction of 
surface oxides, has been found to improve the bond between the coating and the surface. To avoid brittleness 
of the coating it is advisable to employ wet hydrogen (except in the case of chromium). A certain amount of 
water vapour present has a softening effect on the plating as the following figures show: A molybdenum coating 
deposited at 500°C with no water present had a Vickers hardness of 1,030, with 2% water present the hardness 
was 1,000 and with 8% water present it was 800. The method is recommended for the plating of electrical 
filaments, grids, anodes, contacts, cutting tools, wire-drawing dies, watch bearings, etc. 

Sommaire: Description d’une méthode de galvanisation pyrolitique dans laquelle la surface a traiter se trouve a 
une température de 500°C tandis que des vapeurs de carbonyl] d’un métal du groupe tungsténe, chromium ou 
molybdéne passent dessus en présence de gaz carbonique et d’hydrogéne, sous pression comprise entre 0,001 
et 12 mm. Hg. 
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Small Plant Approach to Processing Noxious Organics 
See Abstract No.: 161/I 


Analytical Distillation in Miniature Columns 

United States. The trend in research towards small scale experiments calls for a new separation technique 
in connection with the analysis of small samples of, say, 15-50 ml. Miniature distillation columns suitable 
for such work require exceedingly precise controls. A fluctuation in the power supply to the distilling flask of 
0.1V may upset operation. A single drop of distillate held on the walls of the receiver system may represent 
10% contamination in the succeeding fraction. The authors describe an installation comprising eight miniature 
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fractionation columns for the separation of organic liquids. Three types of column were used. Their data is 
given in a tabie reproduced below. The spinning band column is particularly suitable for operation at reduced 


Spinning Band Hyper-Cal Concentric Tube 
Inside diameter, mm. 5 8 8 
Length, em. 90 60-90 60 
Sample size, ml. 10-50 20-100 10-50 
Fraction size, ml. 0.5 0.5-1.0 0.5 
Throughput, ml./hr. 10-30 20-30 20-30 
Take-off rate, ml./hr. 0.5-1.5 0.5-1.5 0.2-0.5 
Reflux ratio 40:1 40:1 100:1 
HETP, cm.* 1 0.7 0.9 
Holdup per 90 em., ml.* 1.9 4.8 3.27 


* At 20 ml./hr. throughput and total reflux. 
+ Determined on 60-cm. column. 


pressure. The Hyper-Cal contains Heli-Grid packing and is operated at atmospheric pressure. The concentric 
tube type is employed in connection with corrosive liquids. Each column assembly consists of a flask, column, 
receiver and accessories. Multilayer metal radiation shields are placed in the evacuated jackets surrounding 
the flask and column, eliminating the need for external heaters. A 50W heater of special design inserted into 
a well in the bottom of the flask gives an operational temperature of 350°C. Dubrovin and tilting McLeod 
gauges are employed for measuring the reduced pressures. The receiver system is designed so that the distillate 
does not contact any wali, stopcock or grease while passing into the receiver. The capacity is 1.5-2.5 ml. The 
spinning band is driven at 2,000 r.p.m. by magnetic coupling to a motor situated above the column. The supply 
voltage is controlled electronically to within 0.01% and adjustments in the heater voltage can be as small as 
0.015V. To reduce vapour losses, a closed static vacuum system 1s employed rather than a continuously pumped 
system. Two manifolds are incorporated in the system. One, of five gallon size, is kept at the ultimate pressure 
of the vacuum pump and is connected into the receiver system of the column; the other, of two gallon size, 
can be maintained at any desired distillation pressure and connects by a cold trap to the top of the column. 
Various typical distillation results obtained in these columns are given. 

Sommaire: On discute l’équipement nécessaire pour obtenir une bonne séparation d’échantillons de 15 millilitres 
dans une colonne de distillation miniature. 


Spinning-Band Fractionating Column 

United States. In spinning-band columns of conventional design, operated at low pressures, it is difficult to 
maintain the seals, around the rotating part, sufficiently vacuum tight to maintain the low pressure necessary 
for the distillation of certain materials. The design of a spinning-band column is described which overcomes 
these difficulties and presents other operational advantages. The column, which is positioned vertically and 
has a circular cross-section, rests on the still pot and has a condenser section above the fractionating section 
proper. A wire shaft, suitably anchored at the bottom of the still pot, extends the whole of the column and 
passes through a plug of self-lubricating plastic such as nylon at the top, its free end being connected to a motor 
which is positioned above the column. In order to effect a vacuum-tight seal which permits at the same time for 
slight adjustments of the wire shaft position the shaft carries a glass bead, preferably of conical or hemispherical 
shape, which fits into a correspondingly shaped bearing seat machined into the plug. The wire shaft carries 
three strips of spiralled wire gauze or perforated metal sheet, one in the region of the condenser section, one in 
the region of the fractionating column and one in the region of the still pot. The former two strips should 
be designed in such a manner that the horizontally extending wire strands scrub the inner walls of the column, 
whereas the strip in the still pot merely serves for the agitation of the fluid present. Wire gauze of 80-100 mesh 
employed in the method described has an HETP (Height Equivalant Theoretical Plate) value of 0.75 inch. 
Perforated metal employed for the purpose should have perforations equalling 30°,-50% of the total surface 
area of the strips. The spirals should be wound to give one turn per 2 inch. linear length. The optimum speed 
of the spinning band is 2,000 r.p.m. The new design of spiral packing has a low liquid hold-up. A column of $ 
inch diam. and 40 inch. length facilitates the distillation of samples as small as 2 c.c. Recovery rates are high 
for the same reason. 14.7 c.c. of material can be recovered from a charge of 15.0 c.c. 


Sommaire: Détails d’une nouvelle colonne fractionnante a agitateur en forme de vrille. 


Multistage Centrifugal Rectification Apparatus 

United States. A vacuum centrifugal still, suitable for handling materials which are heat-sensitive, is described, 
which provides for a rectification step by introducing a refluxing action. It consists of a central, vertically 
positioned shaft rotating at high speed which is provided with feed screws which enable fluid material in- 
troduced at the bottom to be conveyed to the top. Attached to the shaft, and rotating with it, is a horizontally- 
placed slightly conical circular evaporator plate, above which is fitted a horizontally-placed and slightly 
conical stationary condenser plate. In the embodiment of the invention shown, three such units are placed above 
each other on the shaft. Heating and cooling is effected by conventional means. The material condensing 
on the condenser plate collects on a small collecting plate surrounding the driving shaft assembly. In operation, 
the material to be distilled is conveyed by a pipe to the bottom of the intermediate feed screw and fed from there 
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to the intermediate evaporator plate. The part of the material which condenses on the respective condenser 
plate is fed into the feed screw conveying the material to the upper evaporator plate where it is again subjected 
to evaporation, and the more volatile parts of it are condensed on a stationary condenser plate above the top 
evaporator plate. The portion of the material which has not evaporated in the first evaporation step flows off 
the intermediate evaporator plate and is collected in a trough, from where it is returned by means of a pipe to the 
feed screw supplying the bottom evaporator plate. The portion of the material which, in the second evaporation 
step, flows off the disc in liquid form, is collected in a trough surrounding the top evaporator plate and returned 
by means of a tube to the intermediary feed screw for recirculation to the intermediate evaporator plate. Any 
material which has not evaporated after having been returned to the lowest evaporator plate is collected in a 
trough surrounding the latter and withdrawn as the stripped bottom product. In this arrangement, the upper 
unit may be considered the rectifying section, and the bottom unit the re-distilling section. 


Sommaire: Description d’une colonne de distillation centrifuge, a vide, pour traiter des matériaux sensibles a 
la chaleur. 


A Fifty-Stage Apparatus for Distillation at Very Low Pressures 


United States. Previous work concerned with the distillation at low pressures of certain portions of the lubricant 
fraction of petroleum led to the conclusion that really effective separation at very low pressures required a 
multi-stage still. The present article gives a detailed description of the design, assembly, operating and testing 
of a 50-stage still developed for the fractionation and rectification of materials with a vapour pressure ranging 
from 0.01 to 0.1 mm. Hg in the temperature range in question, operating in a vacuum of 2x 10° mm. Hg. The 
plant essentially consists of a pot of 2.7 1. volume, a rectifying section consisting of two glass tubes mounted 
on the same axis, the axis being inclined at about 3.5° to the horizontal, and the reflux regulator. The rectifying 
section is built in two halves to allow for thermal expansion. The two halves are connected in series, each tube 
containing 25 plates. The tubes are of borosilicate glass, 85 mm. outer diameter, holding a stainless steel sheet 
curved to fit the walls and bent to provide troughs. Successive plates are formed by the provision of liquid-tight 
seals in the troughs, by vapour barriers and by ridges in the steel sheet along the bottom of the tube. The 
material collecting in the trough of each compartment is conveyed by small stainless steel tubes to the next 
compartment. The material leaves the pot still and enters the rectifying section at the lowest point. The hold 
up of the entire rectifying section was found to be 0.44 1. but by increasing the slope of the rectifying section this 
figure could be reduced. The vacuum required was obtained from a mercury diffusion pump unit. Results obtained 
with the apparatus when treating normal paraffin mixtures near Cy) and concentrates of normal paraffins C,, 
to C,, are shown in graphs. The throughput in both cases was 80 ml. per hour and the reflux ratio 55:1. The 
vapour pressure of the liquids processed was of the order of 0.03 mm. Hg. Six hours are required to establish 
a steady state of operation. The apparatus has been operated continuously for seven days a week, 24 hours 
per day and intermittently for periods of 120 hours per week. 


Sommaire : Ce rapport décrit la construction, l’assemblage et l’essai d’un appareil de 50 étages pour la distillation 
a une pression de 0.01 et 0.1 mm. Hg. 


Short-Path Fractionation 


Switzerland. The prototype of a continuously operated short-path still is described where the processed material 
is exposed to high temperatures for a period not exceeding 10 sec. The heater element is a jacketed trough with 
heated oil circulating through the jacket. The trough is surrounded by a cooled cylindrical condenser, the whole 
assembly being slightly inclined to the horizontal. The material to be processed is admitted to the trough at a 
rate of 2 drops/sec., moving along the trough under gravity. Due to the material being initially of room tempera- 
ture and moving in the direction opposite to the oil circulating in the trough jacket, a temperature gradient is set 
up along the trough, the temperature at the lower end of the trough being about 20° higher than at the other end 
where the oil is fed into the trough at a temperature of the order of 170°C. The condenser is sub-divided into 
various zones from which the condensate can be withdrawn separately. The operational pressure is 10"? mm. Hg. 
The material to be processed is thoroughly degassed in two stages, first by exposure to vacuum produced by a 
water jet pump (10-12 mm. Hg) and secondly by exposure to a higher vacuum produced by a mechanical 
rotary pump. In order to avoid the formation of crust of the processed material in the trough, the angle 
of inclination of the heater—condenser assembly should be such that about 75 of the material fed into the 
trough is returned as reflux. The total throughput of the pilot plant described is about 80-100 g./hr. employ- 
ing a reduced pressure as obtainable from a rotary pump with a capacity of 5 cu.m./hr. More than one pass 
is required to obtain good fractionation. 


Sommaire: Description d’une méthode nouvelle et d’un appareil pour fractionnement a parcours court. 


Molecular Distillation—Its Theory and Uses 
See Abstract No.: 23/I 


Molecular Distillation: Theory and Practice 


Norway. The author reviews the subject of molecular distillation generally with particular reference to the 
distillation equipment at A/S Johan C. Martens & Co., Bergen. A short survey of the historical development 
of molecular distillation in various countries is followed by a brief discussion of the process, which is based on 
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much lower pressures (1-20 » Hg) compared with the 2-20 mm. Hg of ordinary vacuum stills. At these lower 
pressures molecular flow laws apply, and distillation takes place at much lower temperatures. The advantages of 
centrifugal-type stills are brought out, and mention is made of the techniques of preliminary degassing and of 
secondary distillation to improve product quality. Finally, some typical commercial applications of the process 
are noted, such as the production of vitamin A concentrates of high purity and stability from fish oils. 

Sommaire: Une revue sur la distillation moléculaire appliquée actuellement, avec référence particuliére aux 


besoins de l'industrie chimique. 


Twenty-Stage Molecular Distillation Unit 

United States. The preparation of narrow boiling fractions of high molecular weight hydrocarbons necessitates 
distillation at low pressure to prevent thermal decomposition. A simple multi-stage molecular still possessing 
relatively high separation efficiency is described. Twenty glass molecular stills of the type described by Mulliken 
and Harkins have been connected in series and arranged in ascending order, with suitable piping for counter 
current flow of distillate and reflux. Later, the lowest small still pot was replaced with a larger vessel of 1,250 ml. 
volume. Heat was supplied by radiant heaters or infra-red lamps. Reduced pressure was obtained by an oil 
diffusion pump unit. A Pirani gauge was employed to monitor the pressure of the system, serving at the same 
time as a safety control device by cutting off the current to all heater elements in the event of air leakage or water 
failure. Details of the operating procedure are given. The still assembly could be operated either as an equili- 
brium still, in which case only the nineteen small still-pots and the reflux unit were employed. This mode of 
operation was suitable for samples of 260 ml. Alternatively the apparatus could be operated as a batch 
distillation unit. In the latter case a suitable receiver system facilitated continuous withdrawal of the distillate. 
Tests carried out under equilibrium conditions on a 50-50 mole °%% mixture of Octoil—Octoil S showed that the 
first and last 30% portions distilled were nearly pure Octoil and Octoil S respectively while the middle 40°, 


was a mixture. 
Sommaire: Un appareil de distillation moléculaire a vingt étages a été développé pour la distillation d’échantilion 
a haut poids moléculaire. 


Improved Apparatus for High Vacuum Distillation 
France. A molecular distillation plant is described which consists essentially of three units, a degassing unit, 
a distilling unit and a receiver vessel unit, arranged in such a manner that the liquid to be processed flows through 
the system under gravity. The chambers are isolated from each other through liquid overflow seals which enable 
the successive chambers to be maintained at progressively lower pressures by suitable vacuum pumping arrange- 
ments. The degassing unit, a cylindrical vessel consisting of an upper and a lower chamber, is fitted with a rotating 
disc in either of the two chambers, and the walls of both these chambers are jacketed to allow for heating by a 
fluid. The liquid to be processed enters the top chamber, falls onto the upper horizontal disc, and is thrown onto 
the heated wall of the upper chamber, down which it flows in the form of a thin film. The liquid then enters the 
second chamber vza an overflow seal and receives essentially the same treatment. After completion of the run 
through the degassing unit, the material flows through a second overflow seal into the distillation unit, where it is 
directed onto a rotating disc from which it is thrown to the surface of an inner stationary cylinder the lower edge 
of which is just above the dome-capped end of another stationary cylinder, the latter being heated by means of 
a fluid from within. The centrally arranged lower cylinder is very nearly the same diameter as the distillation 
unit, the walls of which are cooled. While the processed material flows over the inner cylinder the light factions 
evaporate and condense on the cooled outer wall of the chamber. Provision is made for collecting the residue 
and the distillate in separate vessels. Liquid overflow seals enable these to be emptied without interrupting the 
distillation process. 

Sommaire: Description d’une colonne de distillation moléculaire du type ‘falling film’ consistant en deux 
parties séparées l’une, pour le dégazage l’autre pour la distillation. 


Improvements i.0.r.t. Molecular Distillation Apparatus 
United Kingdom. Ina great number of cases, centrifugal molecular stills with a rotatable bowl-shaped or ‘flower- 
pot’ type of evaporator employ a stationary condenser suspended within the rotating evaporator. The distillate 
collects at the bottom and has to be removed by pumps or other additional gear. The design of a still is shown 
where the removal of the distillate is effected under the action of centrifugal force. The still is designed to work at 
a speed of 1,000 r.p.m. As before, the condenser is stationary and positioned centrally within the bowl type 
evaporator. The bottom of the evaporator bowl carries a gutter arranged to form a circle. The distillate collect- 
ing in the gutter is withdrawn through a tube joined to the gutter. This tube revolves with the bowl and its 
upper end projects beyond the upper edge of the bowl. The distillate rises in the tube and is discharged into a 
stationary gutter surrounding the evaporator bowl. This latter gutter is placed above the conventional gutter 
collecting the residue passing over the upper edge of the evaporator. 

Sommaire: Cette invention se rapporte aux distillations moléculaires centrifuges ayant un évaporateur de la 
forme d’un bol. Afin de simplifier la récupération du produit distillé, l'appareil est construit de telle fagon que 
le produit sort juste au dessus du fond de l’évaporateur, grace a la force centrifuge. 


Method of and Means for Converting Sea Water to Fresh Water by Evaporation 
See Abstract No.: 83/III 
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Treatment of Sea Water for Evaporating Plants 
See Abstract No.: 84/IIT 


Oil Treating Process to Remove Impurities 


United States. An improved method of flash distilling lubricating oils and similar substances for purification 
purposes is described. Many of the existing methods of flash distillation do not succeed because not enough heat 
is supplied to the material to effect complete vaporisation of the highly volatile impurity components. Also, 
unless the walls of the flash chamber are heated sufficiently to eliminate any substantial difference in temperatures 
between the hot processed material and the walls of the chamber, condensation may take place of the volatile 
components after initial separation resulting in recombination with the purified material at the collecting point 
in the chamber. The method described overcomes these difficulties by atomising the material to be purified 
in an evacuated chamber, the upper part of which is surrounded by an outer envelope filled with a heat exchang- 
ing fluid kept at the temperature at which it is desired to carry out the flashing operation. This fluid being the only 
source of heat employed, it is ensured that the temperature of the atmosphere within the chamber and the 
temperature of the walls of the chamber are of the same value, eliminating all risks that the impurity component 
which has been volatilised during the flashing operation may recondense on the chamber walls before they are 
withdrawn by the vacuum pump into a condenser elsewhere. The purified material collects in the form of a pool 
at the bottom of the flash chamber which is outside the envelope of the container filled with the heat transfer 
medium, and is therefore at normal temperature. The end product is withdrawn from the chamber at regular 
intervals by means of pumps. Aircraft engine oil contaminated with dilutents to the extent of about 6% of its 
total volume, the dilutents:consisting of volatile hydrocarbons plus some low molecular weight oxidation pro- 
ducts and water, was treated in the plant described at 300°F in a vacuum of about 29.6 inch Hg. The flash 
point of the oil when new was 480°F. Immediately prior to treatment the flash point was 115°F, and after 
the treatment it was 495°F. Generally the physical properties of the oil treated in this manner were found to 
be equivalent to new aircraft engine oil. 


Sommaire: Description d’une méthode de distillation par projection pour la régénération de l’huile pour l’avia- 
tion. 


Vapour-Liquid Equilibria at Subatmospheric Pressures 


United States. A knowledge of the vapour-liquid equilibrium of mixed base hydrocarbon systems at reduced 
pressures is of importance to the design of vacuum distillation equipment to be employed for the separation of 
such mixtures. There is little information available on the vapour-liquid equilibrium of the aromatic-paraffin 
system at subatmospheric pressure. The authors report on an investigation of the n-octane-ethylbenzene 
system. Vapour-liquid equilibria samples for this binary were obtained with the help of a Colburn equilibrium 
still. The tests were carried out at 760, 400, 200, 100 and 50 mm. Hg. Initially, difficulties were experienced 
with foaming, in particular at 50 mm. Hg pressure, due to high vapour velocity and increased viscosity of the 
compound. This was overcome eventually by reducing the quantity of the charge to 18 ml. for runs at 50 mm. 
Hg and 25 ml. at the higher pressures. In checking the internal consistency of the vapour-liquid equilibrium 
data, the van Laar solution of the Gibbs-Duhem equation was found to represent the data most successfully. 
The van Laar equations employed are quoted. The activity coefficients calculated from the van Laar constants 
are shown in a table partly reproduced below giving the results. In the table x, is the equilibrium liquid com- 
position, y, is the equilibrium vapour composition, y, is the activity coefficient of n-octane, and y, the activity 
coefficient of ethylbenzene. 


Experimental and Smoothed Vapour-Liquid Equilibrium Data for n-Octane-Ethylbenzene System 


Experimental Smoothed 
Experimental Activity Activity Smoothed 
Temp. Compositions Coefficients Coefficients Compositions 


°C. 


760 mm. Hg 134.1 
129.7 
126.9 
500 mm. Hg 121.3 


114.0 
111.2 


os 


200 mm. Hg 92.7 
86.1 
83.6 


om 
os 


50 mm. Hg 57.7 : F 
51.4 : F 1.06 1.07 1.06 1.06 
49.9 


eac eno seus 


So 
oo 


Sommaire: On a étudié les caractéristiques d’équilibre vide, liquide, de systémes d’hydrocarbone contenant 
différents types de molécules d’hydrocarbones. 
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39 — MISCELLANEOUS PROCESSES — 39 


Radiocarbon Dating System 
New Zealand. The method of radiocarbon dating depends for its successful operation on a proportional 
counter constructed from 5 inch. o.d. copper tubing, 28 inch. long, having an anode of 4-mil tungsten wire 
with a sensitive length of 21? inch., and a sensitive volume of 80% of the total of 7.71. The counter is initially 
evacuated to 10° mm. Hg by a mercury diffusion pump with cold trap, backed by a rotary pump. It is then 
filled to a pressure between 78 and 230 cm. Hg with the specially purified carbon dioxide obtained by conversion 
of the carbon sample to be dated. The proportional counter is surrounded by an 8-inch thickness of iron to 
absorb y-rays and another of mercury l-inch thick to absorb y-rays from radioactive contamination in the iron. 
Between the mercury shield and the iron shield is a ring of 18 G-M counters, each 2 inch. o.d. and 35 inch. 
long. The output pulses from the proportional counter are analysed electronically and—to identify the cosmic-ray 
background—also sorted according to whether or not they are in coincidence with the surrounding ring of 
G-M counters. For ‘living’ carbon the counting rate is 37.5 c.p.m. above a background of 9.8 c.p.m. for a counter- 
filling pressure of 1 atmosphere, and 103 c.p.m. above 14 c.p.m. for a pressure of 3 atmospheres. The maximum 
age that can be measured is defined as that for which the net sample count is 4 times the statistical standard 
deviation. A 1-day count on a sample enables a maximum age of 35,000 years to be measured for a 1-atmosphere 
filling, and 42,000 years for a 3-atmosphere filling. The carbon dioxide is purified before passing into the 
counter by washing, absorption on lime at 700°-750°C and re-evolution at 800°—900°C. It is frozen with liquid 
oxygen and removed as ‘dry ice’. To remove traces of air and water, the carbon dioxide is distilled from one 
condensation trap to another on the counter-filling system and then pumped. The frozen carbon dioxide is 
then allowed to expand and pass into the counter via a phosphorus pentoxide drying tube which also acts as a 
dust-filter. A table is given indicating the reasons for the choice of the CO, proportional method over other 
possible procedures. The counter voltage supply, amplifiers and pulse height analysers are described and 
illustrated; details of the method of recording used are given. The operating voltage for the proportional counter 
is 10 kV for a 3-atmosphere filling. This voltage had to be kept constant to within 1 part in 5 x 10® per 100 wu sec. 
to avoid spurious pulses. Sources of background counts are discussed due to radon present in the filling, 
a#- and §-rays from the counter materials, cosmic-ray mesons not detected by the ring of coincidence counters, 
gamma-rays from contaminants in the iron shield and gamma-rays associated with the absorption of cosmic 
rays in the iron shield. It is presumed that a considerable decrease in the background counting rate would be 
obtained, if the equipment were set up some 100 ft. below ground to reduce the effects of cosmic rays. (see 
Vol. IV Abstract No.: 98/III) 

Sommaire: Discussion détaillée de l’équipement employé et des méthodes pour dater le radio-carbone. 


Neutron Activation Applied to Potassium-Mineral Dating 
United Kingdom. Experiments have been carried out on samples of sylvite (KCI), to measure the amount of 
radiogenic argon (A-40) in a known potassium mass, from which the age of the mineral can be estimated. The 
amount of A-40 is small, owing to the low abundance of K-40 in potassium, being about | p.p.m. by weight of 
total potassium in minerals 108 years old. Such amounts have been estimated by gas analysis methods, but the 
difficulties are very great in the case of minerals 108 years old or less, and the neutron-activation method has been 
developed as an alternative. The A-40 is first extracted as a gas, free from solid particles or atmospheric con- 
tamination, and then partly converted to A-41 by irradiation at a neutron flux of 10-12 « 101! n./sq.cm./sec. 
It is important to avoid even minute traces of solid potassium or atmospheric argon, since either would lead to 
additional production of A-41. Two methods of extracting the gas sample are described: By melting the mineral, 
and by dissolving it in water. In the fusion method, the crystals of sylvite are packed in a quartz tube (‘crystal 
holder’) having a vacuum connection at the lower end and thin seal at the top, leading to a second vacuum 
connection and another quartz tube (‘irradiation container’) itself closed at its upper end by a thin seal. The 
crystal holder is pumped down to 1074 mm. Hg and the pumping line sealed off, after which it is heated to melt 
the mineral and liberate the argon. After cooling, the irradiation container is pumped out through the second 
vacuum connection and sealed off from the pump, the sealed-off pumping line then being used as a liquid-air 
trap. The thin spiral seal on the crystal holder is broken to allow argon to enter the irradiation container and the 
latter is finally sealed off from the rest of the apparatus. After irradiation, the container is placed in a filling 
system comprising two stopcocks separated by a liquid air trap, and a known fraction of the sample allowed to 
enter a proportional counter, capable of detecting all 8-particles over 100 eV in energy. Observation of the 
ratios of A-37 to A-41 for the sample and for a control sample of pure argon, irradiated at the same time, showed 
that there was less than 5% of contamination due to atmospheric argon while the number of A-40 atoms in the 
argon obtained from the mineral was also estimated by comparison with the control. The specimens of sylvite 
used were believed to be about 108 years old, but the results of the argon determination gave a value of only 
6 x 10’, pointing to inefficient collection of argon. The most probable cause of the discrepancy is believed to be 
adsorption of argon on the quartz tube walls and on exposed surfaces of the crystals. While this difficulty 
remains, the authors suggest that the practical lower limit of gas detection is about 10® years which corresponds 
to measuring about 30-40 x 107° g. of A-40, the amount obtained from 10 g. sylvite. 

Sommaire: Description de recherches effectuées sur des échantillons de KC] pour mesurer la quantité d’argon 
radiogénique (A-40) présenté a partir de quoi l’4ge du minéral peut étre estimé. 
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Use of A-37 to Determine Argon Behaviour in Vacuum Systems 
See Abstract No.: 6/IV 


Radioisotope Production Rates in a 22-MeV Cyclotron 


United States. A description is given of the production of isotopes on a commercial scale in an 86-inch. proton 
cyclotron. Owing to the large share of the cost assigned to decay losses, processing and transport, the cost of 
cyclotron-produced isotopes is not, contrary to the usual belief, much greater than that of reactor-products. 
An advantage of the cyclotron product is that it has a high specific activity, the isotope normally being of a 
different chemical element from the target and so easily separated. Reactor products, on the other hand, usually 
contain large amounts of stable isotopes of the same element. The Oak Ridge National Laboratory 86-inch. 
cyclotron is of ‘vertical’ construction, with the ‘Dees’ hanging suspended from above. The dees are 8 inch. wide 
with 4 inch. spacing from dee-to-dee and from dee-to-ground. A self-excited oscillator gives more than 200 kW 
at 13.4 Mc./sec. with a dee-to-dee voltage of 400-500 kV. The magnetic field is 9,000 oersted and the cyclotron 
operates stably at a beam current of 1-1.5 mA. A proton current of 1 mA means that the target has to dissipate 
some 22 kW and so has to be water-cooled. To reduce local heating, the # inch. wide beam is arranged to strike 
the target at nearly grazing incidence. Both 10-inch and 14-inch targets have been used, the element to be 
bombarded being coated onto the surface as a layer 0.010—0.020 inch thick, the coating being effected by casting 
in a shallow recess, by electro-plating, by brazing on a foil or by means of a metallising gun. The target is mani- 
pulated in and out of the machine through a vacuum lock by a mechanical manipulator, the operator being 
shielded by a 4-foot concrete wall fitted with a liquid-filled window. The pressure in the cyclotron is maintained 
at 0.03 uw Hg by three 20-inch diffusion pumps giving a total pumping speed of 15,000 1./sec. An alternative 
capsule type target is described for non-metals and metals with low melting-points. A thin aluminium tube is 
surrounded by an annular water jacket, the proton energy being thereby reduced to about 15 MeV. A current 


of about 0.2 mA can be used with such targets. Some 20 elements have been bombarded in the cyclotron, 
millicurie to curie quantities of radioisotopes having been produced. Tabular data shows actual production 
rates for 14 radioisotopes and estimated yields for 136 others. 

Sommaire: Description de la production d’isotopes a l’échelle commerciale avec un cyclotron a proton de 86 inches. 


Preparation of Isotopic Targets from Electromagnetically Enriched Material 


United Kingdom, Enriched isotopes are very often required in the form of thin films on various backings. The 
backing and film must be able to stand the effects of the beam of nuclear particles and must not give unwanted 
side effects during exposure. Direct deposition in the isotope separator can sometimes be used, but high beam 
currents and sputtering cause difficulties. Therefore other methods are often more suitable. The former 
method is successful in the case of boron, the backing being a thin film of gold which is plated onto a copper 
sheet. The copper is afterwards removed chemically. The rare gases can also be deposited directly since they 
are retained by metal foil. A widely applicable method is vacuum evaporation, but its use for this particular 
purpose requires high standards of cleanliness and careful arrangements to prevent wastage of material. It is 
necessary to be able to deal with very small quantities of material. A strip heater is desirable, possibly bent 
into a V-shape along its axis or with a pouch to hold the material. Deposits of elements may often be obtained 
by evaporation of the oxides. If the deposit is not stable in air, the hydride may be formed by warming 
in an atmosphere of hydrogen, as long as the film can be handled in air for a short time. Alternatively, a suitable 
envelope and mechanism may be used to encapsulate the film during handling. To economise in material, target 
and source should be situated close to each other (2 cm.) and uniformity of deposit may be obtained by using a 
line source along the axis of a cylindrical target. The heater may tend to bow, and this may be overcome by 
using magnetic holders for the ends of the heater connections and having a spring loading device to keep the 
heater under tension. If an organic backing is used for the film it may be possible to dissolve this off after 
deposition, leaving an unbacked film, but the source-to-target distance will need to be larger to avoid overheating 
of the backing. Thickness can be measured by weighing. Electroplating may be used for the common metals, 
but chemical contamination and the small amount of material available make this method rather difficult. 
Painting of a suitable solution of the material followed by drying and rubbing to ensure uniformity, is another 
method for thin films, and suspensions in a lacquer allow thicker films to be made similarly. Cataphoretic 
coating may be used but has a limited application. Thermal cracking can be used for boron films, and possibly 
for a few other elements, but requires a rather large amount of material. The method is similar to that used 
in the manufacture of cracked carbon resistors. Practical applications are quoted for nearly all the methods 
mentioned. 

Sommaire: Description de différentes méthodes de préparation de cibles isotopiques faites a partir de matériaux 
électromagnetiquement enrichis pour étudier la réaction dans des appareils a tension élevée. 


The Preparation of Thin Targets of Carbon and Oxygen 


United States. A method is described of forming thin self-supporting carbon targets. Nickel-coated copper foil 
with a nickel thickness of 5 x 10-6 inch was treated with saturated chromic acid to dissolve the copper, giving a 
nickel foil 8 keV thick to 1.89-MeV protons. Heating the foil by conventional means was unsuccessful and so 
a 1,000W lamp was used and the light directed through the glass wall of the vacuum chamber using the con- 
densing lens system of a slide projector. In the presence of methyl iodide vapour at a pressure of 10 cm. Hg, a 
uniform layer 1 cm. in diameter and having 5 x 10!® carbon atoms per sq.cm. could be deposited in about one 
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minute. The carbon atom density could be varied by a suitable adjustment of heating time and pressure. Solid 
oxygen targets were obtained by heating the nickel foil with the same equipment at oxygen pressures of 1-15 
cm. Hg, resulting in a transparent foil of nickelous oxide. The oxidation process was found to be reversible, and 
therefore there was a suspicion that reduction may occur under beam bombardment, but no evidence of this 
could be found in practice. Targets containing from 1 x 1018 to 25 x 10!8 oxygen atoms per sq.cm. have been 
prepared by this method. 

Sommaire: Une méthode de préparation de cibles minces de carbon auto-supportées et de cibles 0-18 préparées 
a partir de 0-15 enrichies en oxygéne. 


Preparation of Metallic Isotopic Targets of the Alkali and Alkaline Earth Metals by Evaporation of Their 
Compounds 

United Kingdom. Electromagnetically enriched isotopes of the elements lithium, potassium, rubidium, calcium, 
strontium and barium are normally only available in one of the standard gravimetric forms, but in the preparation 
of nuclear targets of these isotopes they are required as the element. In view of the small quantities required, it 
is not feasible to prepare the elements for evaporation. Instead, it is proposed to prepare the targets by pasting 
the oxide or carbonate of the isotopic element on to a tantalum strip and heating it in high vacuum, whereupon 
the oxide is reduced and the metal can be deposited on a cool backing. Up to 50% may be deposited on the 
backing and the remainder may be recovered. Deposits from a few ug. to 1 mg. per sq.cm. have been obtained 
by this method. 

Sommaire: Description d’une méthode d’évaporation sous vide pour préparer des isotopes du groupe alcilino 
terreux électromagnétiquement enrichis. 


Procedure for Routine Assay of Tritium in Water 
See Abstract No.: 7/IV 


Comparison of the Heats of Vapour and Gas Evolution from Low-Vapour-Pressure Liquids 

United Kingdom. By the use of values of heats of vaporisation AH and of gas evolution that have been derived 

in a previous paper, it is now shown that a linear relationship exists between AH and a defined change of entropy 

AS at 298°K for both vapours and gases. Equations are also established that enable estimates to be made of the 

solubility of a given non-polar gas in a given low-vapour pressure liquid, and of the value of AH for vapori- 

sation and for gas evolution, all at 298°K, from a knowledge of the molecular weight of the vapour or gas. 
(Author) 


Sommaire: Au moyen des valeurs de chaleurs de vaporisation AH et de l’evolution du gaz, éxaminé dans un 
article précédent, on montre qu’il y a une relation linéaire entre AH et un changement defini de l’entropie 
AS a 298°K pour les vapeurs et les gaz. 


Gassing of Liquid Dielectrics Under Electrical Stress 
See Abstract No.: 12/I 


The Effect of the Gas Content on the Dielectric Performance of Insulating Oils 
See Abstract No.: 77/I 


Treatment and Partial Dehydration of Foodstuffs under Vacuum 


United States. The primary object in cooking food is to soften the product, particularly the cellulose or other 
fibrous structure. Sometimes other objectives are aimed at, such as the elimination of volatile oils or, as in meat, 
fish and eggs, the coagulation of the albumins. Colour, taste, flavour consistency and temperature are the 
criteria on which the acceptance of cooked foodstuffs rests. The application of heat alone will coagulate the 
albumin and evaporate volatile oils, but the softening process is largely carried out by the bombarding and bursting 
action of the steam formed by the water contained in the cells of the material. Heat and the leaching action of 
boiling water may destroy vitamins and have an adverse effect on the colour, taste and flavour. A cooking 
method which overcomes these difficulties is described. Heating is carried out at temperatures from 75°-90°C 
to minimise heat damage while effecting sterilisation and killing of undesirable microbes, etc. The water 
within the product is made to boil at these temperatures by reducing the pressure in the cooling vessel. The 
foodstuff is not submerged in water, thus eliminating the leaching action of the boiling water. As vacuum 
is a bad thermal conductor, the food is warmed by dielectric heating with high frequency. This causes heat 
generation within the material instead of heat conduction from the surface, as is normal, reducing the cooking 
time to a few minutes. The heat input may, preferably, be controlled to ensure constant heating of the product 
and constant flashing of the moisture in the product to steam. As drying proceeds, more current will be required 
to effect this. 

Sommaire: On propose de cuire des produits alimentaires ordinaires tels que viande, poisson, oeufs, etc., par 
chauffage diélectrique, sans eau bouillante, sous vide et 4 température réduite ce qui donne un temps de cuisson 
relativement court afin d’éviter la perte des vitamines, de couleur et de saveur, normalement encourue avec 
le procédé normal de cuisson. 


Note by 
H. D. Holmgren, 
J. M. Blair, 
K. F. Famularo, 
T. F. Stratton 
& R. V. Stuart 
Rev. Sci. Instrum. 
25, Oct. 1954 
1026-1027 
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Letter by 
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M. L. Smith 


Nature 
175, 11.6.1955 
1041-1042 
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Note by 
Anon. 
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D. W. Bingham 
U.S. Pat. 
2,706,589 
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Note by 
Anon. 


Food Trade Rev. 


July 1955 
25 
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Solids Boosted by Spiralling, Thin Film Evaporation 
See Abstract No.: 78/III 


Good Tomato Powder Made Experimentally 

United States. Reference is made to recent research work carried out at the Western Regional Research 
Laboratories in California, in the course of which flaky, quick mixing tomato powder was successfully produced 
giving a highly acceptable tomato juice. The method represents a modified version of the puffed powder 
technique which, in its first application, presented difficulties because it followed the conventional procedure 
for food concentration and produced a hard substance which could not be removed from the trays. This has 
been overcome by centrifuging the pulp first and subsequently vacuum concentrating it to 60% solids. An 
alternative is spray drying. The product obtained from this process has a greater packing density than the 
vacuum dried product, but it does not reconstitute as readily in water. Initially the warm particles tended to 
stick together and to accumulate on the walls in the powder collecting system, but these difficulties have now 
been largely overcome. 

Sommaire: Un court article sur un procédé experimental pour la production d’une poudre de tomate de bonne 
qualité. 


Problems in the Production of Tomato Juice Powder in Vacuum 
See Abstract No.: 79/III 


Giant Chambers Cool Lettuce 

United States. Details are given of one of the largest vacuum cooling installations in the United States for 
processing lettuce. The lettuces are picked, packed in the usual way and loaded into railway trucks. Each 
railway truck is shunted into a large vacuum chamber built astride the track. The door is closed and a vacuum 
is provided by five centrifugal pumps. During the process the doors of the railway truck are opened and 
so are the roof ventilators in the truck. On completion of the treatment the truck leaves the chamber through 
the opposite door and its bunkers are filled with ice. Processing time is 20 minutes per truck. Seventeen 
trucks are processed a day. In the past the lettuce had tobe handled four times before despatch; the new instal- 
lation reduces it to twice. Each truck load consists of 640 cartons. 


Sommaire: Un court article sur les problémes de manipulation a grande échelle de laitues pendant le procédé de 
refroidissement sous vide. 


Syruping Apparatus for Use in the Canning of Fruit 

Australia. An apparatus is described for introducing syrup into cans containing fruit. It essentially consists 
of a number of circumferentially spaced can platforms and a main liquid supply container located above 
these platforms, carrying a series of filling heads. When a can has been moved into the filling position it is raised 
so as to engage with the discharge valve of the filling head. A cam-operated mechanism now causes the syrup 
to flow into the can while the latter is subjected to a high vacuum to assist in the removal of entrapped air. 
The design of the apparatus ensures that no excess syrup is drawn into the vacuum line. Atmospheric pressure 
is restored before the filling is completed to force the remaining syrup into the can and to ensure maximum 
penetration of the syrup into the fruit. 

Sommaire: Cette invention se rapporte a un appareil pour introduire du sirop dans les boites de conserve conten- 
ant de la nourriture. 


Buhler Vacuum Paste-Goods Device 

United States. Brief details are given of a new process of manufacturing pastries which is based on the use of 
vacuum for the de-aeration of the dough. Semolina and water are mixed in the usual manner in the mixing 
trough of the press. At the bottom of the trough a worm is fitted which conveys the dough toa vacuum trough 
through a perforated end-cap of the trough. On entry into the trough, the dough is loosened by the blades of an 
agitator. A satisfactory vacuum can be maintained in that trough because it is closed at one end by an inspec- 
tion window and at the other by the dough itself. The vacuum is produced by a water ring pump. From the 
vacuum trough the dough is conveyed by a pressing worm through a die in the usual manner. 


Sommaire: On mentionne un développement, encore expérimental, de fabrication d’aliments sous forme de 
pate, employant le vide pour améliorer leur qualité. 


Drying Soap under Vacuum 

Italy. The merits of the Mazzoni method of soap production are discussed with particular reference to the 
production of toilet soap and soap flakes. In this process, the neat soap passes through a heat exchanger, pre- 
heating the soap to 300°-330°F, and is then sprayed by means of rotating nozzles on to the inside wall of a 
vertical cylindrical flash-chamber maintained at a vacuum of 28-29 inch. Hg. Due to the evaporation of the 
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moisture the soap cools down in the process to an equilibrium temperature of about 80°-90°F. Soap collects 
in the form of a film on the wall and is removed by mechanical scraping. The flakes falling to the bottom 
of the chamber are removed by means of a feed screw. The vapours leaving the chamber are filtered and 
then passed to a barometric condenser of conventional type. The vacuum is produced by a steam ejector. 
The conventional method of making soap provides for processing it at 200°F after preheating it to 400°F. The 
low temperatures employed in the Mazzoni process, together with the immediate cooling down effect obtained 
during flashing, is beneficial with regard to the crystallisation of the soap. Investigations into the crystalline 
structure of soap have proved that a dense lather is obtained as a result of agitation during solidification. 
Where agitation is missing, the ‘omega’ phase of crystalline structure is obtained, resulting in a poor lather. 
The Mazzoni process produces a soap nearly 100°% composed of the ‘beta’ structure w hich” provides for good 
lathering. In addition, it has been found that all sulphurous odour of soap bleached by sodium hy posulphite 
disappears. Various types of soap ranging from the laundry to the toilet quality can be obtained by varying 
the moisture content as a result of adjusting preheating temperature and pressure during the flashing process. 
(See Vol. III Abstract No.: 186/III) 

Sommaire : Cet article compare les méthodes principales employées commergialement pour le séchage du savon, 
soit la méthode du courant d’air chaud, soit le procédé de projection dans le vide de Mazzoni. Voir Vol. III, 
Resumé No. 186/III 


Stainless Provides Durability in Deaerators 
United States. In order to permit high speed and safe Fourdrinier operation, the paper stock must be freed of 
trapped air, dissolved in it in the earlier operations of paper-making such as the grinding of logs into pulp. 
Brief details are given of a novel de-aeration apparatus, the Deculator, which is inserted in the plant in front 
of the Fourdrinier headbox. In this apparatus, maintained at a high vacuum, large nozzles whirl the paper at a 
high velocity and spray it against inpingement areas before the stock passes into the headbox of the Four- 
drinier machine. The deaerator described is suitable for many grades of paper including newsprint, book, 
Kraft, etc. It also assists in reducing the sulphite content in newsprint. 

Sommaire: Détails du procédé ‘Déculator’ employé pour retirer |’air des stocks dans |’industrie du papier. 


Thermal Expansion of Coal 

United Kingdom. Knowledge of some of the physical properties of coal is still inadequate and makes the testing of 
models, such as those proposed by Bangham, difficult. It is suggested that the accurate measurement of such 
properties of coal as thermal expansion, electrical conductivity and response to mechanical stress should be made 
concurrently with the major chemical and physical researches aiming at obtaining information on the structure 
of coal. The authors report on a method for the preliminary assessment of the coefficient of thermal expansion 
conducted on a certain variety of British bright coal in a direction parallel to the bedding plane and normal to 
the main cleat. A capacitance method was used, the equipment consisting of a fused quartz base plate support- 
ing a short quartz cylinder which in turn carried at the upper end one of the condenser plates (a copper disc of 
30 mm. diam.). Within the cylinder three coal specimens of equal dimensions rested on the quartz plate, 
supporting the other condenser plate. The whole assembly was placed in a vessel which could be evacuated and 
chilled. The change in height of the pieces of coal resulting from temperature variations was indicated by a 
change in the capacity. The temperature in the experiment ranged from room temperature to 77°K. The 
pressure in the vessel was kept at 10"! mm. Hg for twelve hours before the tests were started and the measure 
ments were taken in a nitrogen atmosphere of 15 mm. Hg. The results are shown in a table which gives a value 
of the coefficient of expansion of 40 x 10°® for the temperature range of 293—77°K. 


Sommaire: Les auteurs font un rapport sur certaines mesures physiques faites 
physiques manquantes pour faciliter les essais sur la structure du charbon. 


afin d’obtenir des données 


Vacuum Flotation for Coal Fines 
United States. A précis is given of a report published by the U.S. Bureau of Mines on ‘Laboratory Evaluation 
of Vacuum Flotation for Cleaning Coal Fines’. Progressive mechanisation of the coal mining industry has 
resulted in an increased percentage of fine sizes in the total coal mined. Equipment employing gravity methods 
for the separation of fine coal, or other methods employing the principle of ‘hindered settling’ “of large particles, 
are not efficient. For this reason an investigation into the merits of the flotation process has been conducted with 
particular reference to the Elmore vacuum flotation process. The pressures used in this study were 20 inch. 

25 inch. and 28.8 inch. Hg. The rate of recovery was highest at the lowest pressure. However, it is belie ved 
that a vacuum as high as that is not a practical proposition under normal commercial conditions. Details are 
given of an improv ed Elmore vacuum flotation process as employed by Richard Thomas and Baldwins Limited. 
In this case a vacuum of 24 inch. Hg is employed. The cleaned coal is flumed through a pair of } mm. wedge-wire 
screens. The undersize is conveyed to a vibrating screen where all parts above 2 mm. are removed. The rest is 
mixed with } Ib. fuel oil per ton of dry solid, together with a frothing agent, and is drawn up into a separating 
cone maintained at the reduced pressure mentioned. In the upper part of the vacuum cone a segment is located 
which facilitates maintenance of the pulp at a constant level in the cone by causing a portion of the fine refuse 
and water to overflow into a slime discharge. Normally, the refuse sinks to the bottom of the cone and a series 
of rakes assists floated coal into a launder from which it is conveyed to the cleaned coal tank. The vacuum 
flotation method removes all difficulties due to frothing since the froth collapses when the vacuum is released. 
Comparing the method with mechanical flotation treatment the vacuum method requires less power, 0.75 h.p. 
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Note by 
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Article by 
D. W. Robinson 
J. Sci. Instrum. 
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per ton per hour of sludge as compared with 2-3 h.p. per ton per hour in the case of mechanical cells. Details 
are given of the special laboratory procedure employed to test and compare the vacuum flotation method with 
mechanical flotation methods. Two different varieties of coal were tested, the first (American bed) representing 
an easily cleaned coal, and the other (Mary Lee bed) a coal which is considered difficult to clean. The results 
are given in a table partly reproduced below. The best results shown with the vacuum cell, Test No. 2, employing 
American-bed raw coal were the best obtained by that method but were carried out at a pressure of 28.8 inch Hg. 


Ash in Float 


Recovery 
Feed Test Number Coal Recovery Efficiency 


Mechanical cell, test 1 i 


Mechanical cell, test 2 


American bed; raw coal 8 
8 

Vacuum cell, test 2 He 8 
8 

8 

7 


MOD 


Mechanical cell, test 1 
Mechanical cell, test 2 
Vacuum cell, test 2 


9 
5 
2 
Mary Lee bed; raw coal 5 
6 
2 


oO 
1 
7 
2. 
3. 


American bed; plus 325-mesh 
slurry 


oe 


Mechanical cell, test 1 A 9 
8 


0 
Vacuum cell, test 1 7 


2. 
9. 


Sommaire: Travaux pour comparer l’éfficacité d’appareils mécaniques du type a flotaison, employés dans le 
nettoyage du charbon. 


A New Method of Mounting Diamonds 


United States. Normally, industrial diamonds are ‘mechanically’ mounted in the tool. This method has various 
disadvantages, and a method of bonding the diamond to its metal holder is described. Among other advantages, 
such a method ensures that the diamond is safely anchored, that the ‘root’—sometimes taking up three-fourths of 
the volume of the diamond—1is eliminated, and consequently much smaller diamonds can be used for the same 
purpose. The proposed method employs titanium hydride and is similar to that used for bonding ceramics to 
metal. The diamond is cleaned in a bath of NaNO;-Na,CO, heating it to a dull red until small etch triangles 
appear on the surface. Then a suspension of fine titanium hydride powder in amy] acetate, with Zapon added 
as a binder, is applied by painting the diamond and the metal parts and soldering or brazing is effected with 
silver copper eutectic solder at about 1,000°C. Finally, the parts are heated in a vacuum of the order of 0.01 » Hg 
by induction heating to secure firm bonding. In complex work, brazing in vacuum may be difficult to carry 
out, and an alternative method for the bonding—also employing vacuum during the heat treatment—is 
described. The method is suitable for glass-cutting tools where diamond powder is bonded to steel, boring bars 
and wire-drawing dies. 

Sommaire: Description d'une nouvelle méthode pour fixer les diamants industriels sur des supports métalliques, 
soit pour outil soit pour d’autres usages. 


An Apparatus for the Measurement of Dynamic Mechanical Properties of Polymers over a Wide Temperature 
Range 


United Kingdom. An apparatus for the measurement of the dynamic mechanical properties of polymers from 
20° to 600°K is described. Transverse resonance vibrations are excited in a reed of the polymer which is clamped 
at one end, the vibration amplitude of the free end being detected photoelectrically and displayed on an oscillo- 
scope. Higher overtone modes of vibration can be measured by suitable amplification of this signal and the 
dynamic Young’s modulus and internal friction (mechanical losses) are deduced from the resonant frequency 
and width of the resonance curve. Temperature control is achieved by an adiabatic vacuum technique whereby 
the specimen is brought to the desired temperature through a controlled heat transfer from either a refrigerant 
(liquid nitrogen or liquid hydrogen) or hot silicone oil and then thermally isolated in a vacuum at this particular 
temperature. 

(Author) 


Sommaire: On a étudié les relations existant entre les propriétés mécaniques et la structure chimique d’un cer- 
tain nombre de polyméres, a l’aide d’un appareil pouvant servir pour travaux de recherches industrielles; 
des détails sur cet appareil sont donnés. 


How Processing Conditions Affect Micro-Organism Radio-Resistance 
See Abstract No.: 151/I 


Method for Producing Replica Mirrors with High Quality Surfaces 
See Abstract No.: 32/III 
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A Modern Cryogenic Engineering Laboratory 
See Abstract No.: 145/I 


Liquid Nitrogen Generator 
See Abstract No.: 131/II 


Fully Automatic Plant for the Liquefaction of Helium 
See Abstract No.: 129/II 


Ionic Pumping Mechanism of Helium in an Ionisation Gauge 
See Abstract No.: 5/II 


Techniques for Counting Radiokrypton 
United States. Krypton—85 is a useful fission product available from nuclear reactors. 
and it emits 0.695 MeV §6-particles to form stable daughter atoms of rubidium. A G-M tube with a thin glass 
wall (30 mg./cm.? approx.) and a concentric glass jacket is used, the jacket volume being 3-10 c.c. 5-20% 
of the disintegrations are counted in this arrangement. For a pressure of | atm. in the jacket, the lower limit 
of specific activity of Krypton—85 detectable is 0.5—-7 d.p.s./c.c., corresponding to less than 107!" c.c. of radio- 
krypton per c.c. of sample containing this gas. A diagram is given of the vacuum system in which a jacketed 
counter is used. For absolute counting, a counter devised by Mann and Parkinson (Rev. Sci. Instrum., 20, 
1949, 41) is used. This counter consists of two units identical except for cathode length. The difference in the 
counting rates in the two units may be taken as the disintegration rate of the gas in a volume equal to the 
difference in their cathode volumes. A vacuum system is illustrated for introducing the sample into this 
absolute counter along with the counting gas and quenching vapour. 85 mole % argon and 15 mole % of 
quenching vapour (ethane, cyclopropane, ethyl acetate or other organic compounds), to give a total pressure of 
20-25 cm. Hg, are suitable. The difference in counting rates in the two units is easily determined graphically 
if the starting points of the two plateaux are brought into coincidence by translation along the voltage axis 
The absolute counting system is difficult to use if the specific activity of the sample is greater than a few 
hundred d.p.s./c.c. Both systems should therefore be available if a wide variation in specific activity is to be 


measured. 
Sommaire: On donne des informations sur les techniques employées pour compter du Krypton—85 


Its half-life is 9.4 yr. 


Use of A-37 to Determine Argon Behaviour in Vacuum Systems 

United States. Differences in the results obtained with techniques employed in the potassium-argon method of 
age determination of rocks and minerals, based on the decay of potassium—40 to argon—40, led to the suspicion 
that the amount of argon finally recovered may be appreciably reduced by the losses suffered during the process 
of liberating and measuring the small quantities of argon in question. An investigation is reported, aimed at 
exploring these conditions and employing the standard extraction and purification system used for the 
recovery of argon from rock. Argon—37 was used as a tracer in these experiments. The system consists of an 
r.f. furnace where the rock or mineral investigated is fused. The gases evolved are drawn through two traps 
at liquid nitrogen temperature to a charcoal trap also at liquid nitrogen temperature. After removal of helium 
and nitrogen present in the system, the charcoal trap is brought up to room temperature as a result of which 
the argon is released and purified in an calcium furnace at 720°C and passed into a break-seal tube with charcoal 
at liquid nitrogen temperature where it is stored awaiting mass spectrometer analysis. For the purposes of the 
experiments reported, a Geiger counter was installed next to the break seal of this last mentioned tube. A 
McLeod gauge was used to read the pressure. One mcurie of argon—37 was expanded and stored ina large bulb 
from which aliquots of various sizes could be released into the vacuum system. In one experiment an aliquot 
of argon—37 was counted while another of the same size was held in a system with seven stopcocks and a ground 
glass joint for three hours, whereupon it was also admitted to the counter with the result that the net count 
was doubled indicating that there was no loss of argon during the storage period. In a second experiment 
a sample of argon of known volume was frozen on the charcoal in a trap and pumped with a mercury diffusion 
pump for 2 minutes. No loss of argon could be detected as a result of the pumping action, not even when the 
pumping period was extended to 15 minutes. In addition, two circulation tests were carried out under varying 
operational conditions. The results are shown in a table reproduced on the next page and indicate that quantities 
of argon as small as 10° c.c. can be circulated through such a system with less than 2% loss. The outcome of 
these experiments seems to prove that the low values of argon content of rocks and minerals determined by 
the potassium-argon method of age determination cannot be explained on the grounds of loss of argon during 


the extraction and purification process. 
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Actual Counts 
per Minute 


Predicted Counts/ 
Minute, Assuming 
No Loss of Argon 


Experiment 


(1) Adsorption 1,462 + 12 1,469 + 8 
(2) Pumping 1,109 + 10 1,113 + 11 
(3) Circulation 629 + 8 662 + 8 
(4) Circulation 580 + 6 684 + 6 


Sommaire: On a montré, en employant A-37 comme traceur que des quantités d’argon aussi petites que 1079 
cm peuvent circuler dans un systéme sous vide contenant des piéges de charbon de bois et des vannes, sans 
pour cela avoir des pertes mesurables. 


Procedure for Routine Assay of Tritium in Water 


United States. The accurate determination of tritium is important on account of the increasing use made of 
tritium in biological and chemical research. The method described in the present article was tested in a range 
of 10-6 to 1078 curies per millimole and proved to give reproducible results within +2°%, employing 1 millimole 
samples of tritiated water. The whole system was of glass and maintained at 10-4-10-> mm. Hg by means of a 
single-stage oil diffusion pump unit. The sample of tritiated water (13-18 mg., 0.7—1.0 millimole) was drawn 
into a borosilicate ampoule by cooling the previously warmed ampoule and sealing it off, with a flame, after filling. 
After weighing, the ampoule is placed in a Pyrex glass ‘bomb’, 10 mm. in diameter. The bomb contains 0.3 g. 
of granular magnesium and 0.3 g. of mercury in addition to the ampoule. The bomb is evacuated to a pressure of 
0.05 mm. Hg, sealed off and shaken in order to thoroughly mix the mercury and magnesium and to break 
the ampoule containing the tritiated water. The bomb was then placed in a muffle furnace and heat treated 
at 400°C for up to two hours. The bomb was then joined to the transfer apparatus proper, by placing it into a 
bomb holder and surrounding it with copper gauze to prevent shattering of the bomb holder when the bomb was 
broken. The whole apparatus which included an ionisation chamber was then evacuated to a pressure of at least 
10-2 mm. Hg. The bomb tip was broken and a fraction of the tritiated hydrogen, determined by a method des- 
cribed in detail, was transferred to the ionisation chamber by means of a Toepler pump. After completion 
of the expansion of the hydrogen into the ionisation chamber, tank hydrogen was admitted to the chamber 
to bring it up to atmospheric pressure. The chamber was of the Borkowski type and the ion current activity 
of the tritium was measured with a vibrating reed electrometer coupled to a strip-chart recorder, the whole 
assembly being the standard equipment available commercially for carbon-14 analysis. The lowest level of 
tritium activity at which counts were made was 107° » curies per millimole of water. One analysis takes about 
45 minutes. Detailed results of a series of tritium assays carried out by the method described are shown in a table. 


Sommaire: On a developpé une méthode pour mesurer le contenu en tritium d’eau tritié. 


A Device for Preparing Gas Mixtures 


Australia. Conventional gas handling devices employed for the filling of proportional counters or similar 
receptacles with a gas mixture present difficulties in operation because (a) the partial pressure of each gas 
component is difficult to measure (b) there is the risk that one source is contaminated by another and (c) 
operation involves some waste of the gas handled. A device is described, especially developed for refilling 
proportional counters, which overcomes these difficulties. It consists in principle of a Torricellian barometer 
fitted with a mercury splash trap at the top and a tee-piece, one end of which is connected to the Geiger counter 
and the other to a vacuum pump. The mercury reservoir between the splash trap and the barometer flask is 
separated from the latter by two stopcocks positioned at a short distance from each other along the vertical 
tube leading into the mercury reservoir. The vertical tube leading into the bottom of the flask has two connec- 
tions, each leading to a separate gas container and a further connection for vacuum pumping. In operation all 
joints are mercury-sealed, and by operating the various stopcocks in a suitable sequence the gas contained in 
one or the other storage flask is conveyed to the counter by bubbling it through the mercury. The distance 
between the two stopcocks in the connection between the flask and the mercury reservoir allows the correct 
dosage of gas to be used for filling the counter. 


Sommaire: Détails sur l’équipement de préparation des mélanges de gaz pour le remplissage de compteurs pro- 
portionnels. 


Spectroscopic Analysis of a Gas Mixture Excited by a High-Frequency Electric Field 
See Abstract No.: 172/I 


Diffusion of Nitrogen and Oxygen in Titanium 
See Abstract No.: 196/I 


Diffusion of Gases Through Metals I. Diffusion of Hydrogen Through Palladium 
See Abstract No.: 40/I 
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Diffusion of Gases Through Metals II. Diffusion of Hydrogen Through Poisoned Palladium 
See Abstract No.: 41/I 


On the Use of Palladium Diffusion Membranes for the Purification of Hydrogen 


United States. Three major objections were raised recently with regard to palladium employed as a diffusion 
membrane for the purification of hydrogen: (a) The permeability of palladium is reduced above 300°C, (b) 
palladium heated in hydrogen tends to become brittle, (c) palladium membranes can only be soldered with gold 
and therefore are difficult to assemble into a glass vacuum system. The authors, drawing on results of research 
conducted recently, state that the difficulties mentioned could be avoided if more consideration was given to the 
alpha-beta phase transformation in palladium. The beta-phase is rather impermeable, forms at a temperature of 
160°C and thus sets a lower limit to the use of palladium for this purpose. To avoid beta-phase formation it is 
desirable to pump away all hydrogen from the palladium membrane before the latter is cooled down. Up to 
400°C no grain growth has been observed which may adversely affect the permeability of the palladium. But 
as in the long run permeability does not improve appreciably when operating at temperatures close to the 
upper limit stated, it is suggested that the membrane be operated at comparatively low temperatures. Brittle- 
ness, as experienced by the authors quoted, may have been produced as a result of repeated passage across the 
alpha-beta transformation in the presence of hydrogen. The third objection cannot be confirmed by the present 
authors either. They found that palladium membranes could be fitted to a vacuum system without undue 
difficulties by soldering it to a cobalt tube which was sealed to glass using silver as the soldering material 
and induction heating for the purpose. Soldering was performed under vacuum. A specimen thus treated was 
operated at 300°-400°C without showing any leakage or brittle failure and passed some 100 1. of hydrogen 
through 1 sq.cm. in a period of 6 months. (see Abstract No.: 110/11) 


Sommaire: On rapporte certaines expériences faites sur l’emploi du palladium pour la purification de l’hydrogéne; 
ces expériences sont a l’encontre de la récente proposition pour l’emploi du nickel au lieu du palladium. 


Nickel Diffusion Leak for Hydrogen 
See Abstract No.: 110/II 


Determination of Hydrocarbons by a Palladium Tube—Mass Spectrometer Method 


United States. The accurate determination of hydrocarbons in hydrogen-rich mixtures is of great importance 
in naphtha catalytic reforming studies. A small error of say 0.1% in butane determination in product stream 
analysis may result in an error of up to 15% in total butane production. The potential error may be reduced 
appreciably by recycling of the gas, but the problem remains that a small amount of C; to C; components ina gas 
mixture are not usually detected by direct mass spectrometer analysis. It follows that concentration of the hydro- 
carbons is required in order to facilitate analysis and this is achieved by separating the hydrocarbons from the 
hydrogen. A method is described using palladium as the separating agent. The apparatus used consisted of an 
oxygen analyser, a sample reservoir, a palladium tube section and apparatus for the transfer of the residual 
gas to a sintered disc tube for introduction to the mass spectrometer. The palladium tube employed had an 
outside diameter of 19/32 of an inch, a length of 5 inch., and was sealed to glass via Kovar and a graded seal. 
The thickness of the palladium employed was 0.003 inch. In order to prevent deformation, a glass coil was 
placed inside the palladium tube. This arrangement may make it possible to use even thinner palladium if 
desired. The pumping unit was connected to the system at two points. One point served for the evacuation 
of the system as a whole, the second point for the withdrawal of the hydrogen after permeation through the 
palladium tube in the course of the concentration process. In operation, a 125 ml. sample at atmospheric 
pressure was introduced into the system and its oxygen content determined and removed by absorption in 
pyrogallol. Subsequently, concentration was effected by forcing the oxygen-free sample into the palladium 
tube section with the help of a Toepler pump and starting to pump the hydrogen through the palladium. This 
reduced the volume of the sample to about 7.5 ml. which was eventually displaced by mercury into a sintered disc 
tube for analysis in the mass spectrometer. Oxygen removal prior to hydrogen removal is important for two 
reasons: (a) The presence of oxygen may result in carbon dioxide and water formation so that the residual 


Analysis of Hydrogen-Hydrocarbon Blend 


Mole % 


Component 
Known 
Mass Spectrometer 


99.964 


Hydrogen 99.978 


Methane 0.011 0.016 
Ethane 0.000 0.006 
Propane 0.000 0.000 
Isobutane 0.000 0.000 
n-Butane 0.011 0.014 


100.000 100.000 
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Article by 
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Analyt. Chem. 

27, Feb. 1955 

237-239 
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Article by 
W. Vollmer 
Chem. Ing. Tech. 
26, No. 2, 1954 
90-94 
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oxygen content, determined in the mass spectrometer, cannot be correlated with that initially present. (6) 
Oxygen removal makes performance of the palladium tube safer. While developing this method there was some 
doubt as to whether the palladium may cause separation by molecular weight but no evidence of this effect 
could be found. The table reproduced on the previous page gives typical results obtainable by this method. The 
sample had an initial volume of 4 1. in the particular case. 

Sommaire: Une méthode pratique pour concentrer des hydrocarbones dans des sulphures riches en hydrogéne, 
en pompant l’hydrogeéne au travers d’un tube de palladium. 


Gas Adsorption by Wood, Pulp and Paper 
See Abstract No.: 83/II 


The Transport of Gases and Vapours Through Paper 

Germany. The permeation of gases and vapours through paper has been investigated before. The most important 
studies have been carried out by Schopper and Wolodkewitsch. The mechanisms involved in the case of air 
and water vapour permeability of paper are that of diffusion and of genuine flow. None of the methods employed 
in the past facilitated a quantitative determination of the respective amounts of air and water vapour passing 
through a sheet of paper. But it is generally known, in the case of cellulose paper, that the higher the milling 
grade, the smaller the air permeability, whereas the water vapour permeability is only slightly reduced. This 
is an indication that the mechanism of permeation for gases is different from that for vapours. The author 
reports on a method whereby the individual phases can be investigated separately. The method is based 
on the measurement of the rate of permeation of gas or vapour through a diaphragm, consisting of the material 
investigated, by creating a pressure difference of known value across the diaphragm and plotting subsequent 
pressure difference changes against time. This gives an indication of the amount of gas or vapour permeating 
through the diaphragm in a given time. By correlating the results obtained with the pore diameter of the 
material (which can be calculated by a formula given in the article) and with the mean pressure level at which 
the measurements were carried out, the type of flow conditions (Poiseuille or Knudsen) can be determined. In 
the case of water vapour the permeability was studied keeping the diaphragm at 20°C, at which temperature 
the saturation pressure of the water vapour was 17.5 mm. Hg. The pressure difference across the diaphragm 
was 2mm. Hg. Measurements were taken at various pressure levels ranging from 1-17 mm. Hg, 7.e. from 6 to 
100% relative humidity. It was found that up to a relative humidity of 0.25 the permeability of the foil for 
water vapour was similar to that for air, but above that figure of humidity permeation characteristics changed 
indicating surface diffusion as a function of surface concentration of the adsorbed water vapour. The surface 
concentration was measured and the measured values were confirmed by calculations based on the theory of 
multilayer adsorption developed by Brunauer, Emmett and Teller. It was found that, under equilibrium 
conditions, mobility of the water vapour along the surface is prevented up to 0.25 relative humidity. Making 
due allowance for this fact the permeability of paper for water vapour at a given relative humidity can be 
calculated. Three types of paper were employed in the experiments: (a) milling grade-83° S.R., average pore 
radius-7.7 x 1075 cm.; (b) milling grade-76° S.R., average pore radius 8.1 x 10° cm. and (c) milling grade-61° 
S.R., average pore radius 9.9 x 1075 cm. 

Sommaire: On a étudié la perméabilité des gaz et vapeurs au travers du papier. 


The Adsorption of Gases on a Germanium Surface 
See Abstract No.: 134/I 


Solubility of Gases in Molten Paraffin and Microcrystalline Waxes 


United States. The solubility of gases in a number of petroleum products such as solid paraffin, medicinal white 
oils, etc., has been investigated but no data is available on the solubility of gases in molten paraffin or micro- 
crystalline waxes from petroleum. The latter materials are applied, for instance, as wax coatings to paper and 
the presence of dissolved and occluded gases has a strong influence on the quality of such coatings. The in- 
vestigation reported here was conducted to obtain more information on the subject. The apparatus employed 
in the experiment was similar to the equilibrium adsorption apparatus described by Brunauer, Emmett and 
Teller for measurement of the surface area of solid catalysts. A mercury diffusion pump unit was employed to 
evacuate the system to about 1 » Hg. Absorption and desorption data were obtained, the latter to check on 
the former. The gases investigated were argon, nitrogen, oxygen, carbon dioxide and methane. The pressures 
at which the investigation was carried out ranged from 200-800 mm. Hg. Brief details are given of the experi- 
mental procedure. The results are shown in various tables. One, for paraffin wax liquid at 72.2°C, is partly re- 
produced on the next page. The results for petro-wax are given for a temperature of 81.6°C which is the temper- 
ature at which that material is liquid. Investigating the theoretical aspects of gas—liquid solubility conditions, 
the authors have come to the conclusion that prediction of solubility data depend on reliable estimation of the 
fugacity of the pure liquid solute at the system temperature and pressure, and developed a method for predicting 
solubility data which is based on relating the solubility of a gas to the critical constants of the solvent as well as 
those of the gas. A complete analysis of the theory developed by the authors is given. The new method has 
been employed to predict the results of the experiments, giving reasonably accurate values as can be seen from 
the table on the next page. 
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Solubility, Mole Fraction 
Press., Mm. Soly. Bunsen 

Hg c.c./g. Coeff. Experimental Predicted Deviation % 
Nitrogen 442.7 0.058 0.076 0.000906 0.00102 18 
(at 76.4°C) 774.0 0.106 0.080 0.00166 0.00179 8 
Oxygen 402.9 0.109 0.158 0.00170 0.00179 5 

808.5 0.222 0.161 0.00347 0.00360 4 
Argon 291.7 0.079 0.157 0.00124 0.00126 2 

766.7 0.211 0.161 0.00330 0.00332 l 
Carbon Dioxide 379.5 0.329 0.504 0.00514 0.0112 118 

752.5 0.704 0.548 0.0110 0.223 103 
Methane 339.5 0.174 0.301 0.00272 0.00277 

776.2 0.404 0.304 0.00632 0.00634 


Sommaire: La solubilité de l’argon, gaz carbonique, méthane, azote, et oxygéne dans de la paraffine fondue a 
72.2°C et de l’oxygéne et azote dans de la cire microcrystalline fondue a 81.6°C, a été déterminée expérimentale- 


ment, a des pressions comprise entres 200 et 800 mm. Hg. 


High Temperature Thermal Conductivity of Gases 
United States. Details are given of a cell specially developed for the purpose of measuring the thermal conduc- 
tivity of various gases up to temperatures as high as 800°C. Essentially the cell consists of two concentric silver 
cylinders 7 inch. long. Silver was used because of its low emissivity and high thermal conductivity. The 
nner cylinder was the emitter and the outer cylinder the receiver. The annular gap between them had a width 
of about 0.025 inch. The emitter was heated by a nichrome wire heater placed in a thin stainless steel shell 
located in the hollow centre of the emitter cylinder. The gases, the thermal conductivity of which was to be meas- 
ured, were admitted to the annular space between the cylinders. Details of the experimental procedure are 
given. Nitrogen, carbon dioxide, argon and nitrogen-carbon dioxide mixtures have been investigated in the 
experiments. As a result of the outcome of this investigation, conductivity values for nitrogen and carbon 
dioxide are suggested, shown in a table partly reproduced below. Further results are presented in the form 


of graphs. 
Suggested Conductivities of Nitrogen and Carbon Dioxide 


Thermal Conductivity 
kx 105 cal./sec. °C em. 

Temp. 
°C Nitrogen Carbon Dioxide 
100 7.25 5 
400 11.4 10.9 
600 13.8 14.1 
800 15.8 17.0 


Sommaire: On a déterminé la conductivité thermique de l’azote et du gaz carbonique de 0 4 800°C et de mélanges 
d’azote et de gaz carbonique a différentes températures, de 369 a 688°C. 


Heat Transfer from Wires to Gases 
United States. A convenient means of analysing continuously simple gas mixtures is to divert a fraction of the 
gas stream through a thermal conductivity cell. Such cells are fitted with a heater wire along the axis of a thermo- 
static tube. In order to measure the thermal conductivity properties of the gas passing through the cell with 
precision, it must be certain that the heat loss of the wire is entirely due to thermal conductivity of the gas and 
independent of the rate of flow of the gas through the cell. The authors investigated the conditions experi- 
mentally for wire temperatures ranging from 35°-120°C. Dry air at ambient temperatures was employed in 
the experiments. Two nickel wires were investigated, one 0.0028 inch in diameter and the other 0.01 inch in 
diameter. Both had a length of about 15 inch. The wires were fitted at the axis of glass tubes, one having a 
diameter of 0.438 inch and another 0.871 inch. Only the 6-inch centre length of the wire was employed for 
heat loss measurements. Details of the experimental set-up, which is operated in a vertical position, are given. 
Both upward and downward flow were investigated but the direction of the flow was found to be immaterial. 
The experimental results are presented graphically plotted as Ny In (D;/ Dw) versus the Reynolds number D,G/w. 
where Ny is the Nusselt number, D; is the diameter of the glass tube, Dy is the diameter of the wire, G is the mass 
velocity of the air flow and u the viscosity of the air. The Nusselt number for the wire is expressed by (heat trans- 
fer coefficient x wire diameter) /(thermal conductivity of gas). The former Nusselt expression equals 2 for the case 
of pure conduction and has a higher value when convection sets in. Radiation losses for the two wires were deter- 
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mined prior to the experiments for different temperatures by suspending the wires in a bell-jar evacuated to ap- 
proximately 10> mm. Hg. They were found to be negligible, for the purposes of the present investigation, being 
0.7% for the small wire and 2.0% for the large wire at the highest temperatures investigated. The results of this 
work confirmed that in the temperature range considered the mechanism of heat loss from the wire to the tube 
wall is that of conduction through the gas only as long as the gas flow is of a Reynolds number of 100 or less. 


Sommaire: On a étudié le transfert de chaleur entre fils et gaz employant deux dimensions de fils et deux 
diamétres de tube a des températures de 25 a 120°C. 


41 — FREEZE DRYING — q1 


Freeze Drying 
See Abstract No.: 155/I 


Preservation of Corneal Grafts by Freezing 


United Kingdom. Various methods have been devised for long-term storage of corneal grafts, some of them 
involving freeze drying techniques. While the great majority of these grafts healed well after implantation, 
translucency was lost in most of them within the first three weeks. The author decided therefore to employ a 
glycerol-saline technique, which has shown a high percentage of surviving cells in previous applications, for 
developing a method of storing corneal grafts. The grafts were placed in sterile bijou bottles and covered with 
an excess of 15% glycerol in Ringer saline (pH 6). After storage at room temperature for one hour, the solution 
was decanted leaving only just enough to cover the graft. The bottle was closed and placed in a carbon dioxide 
and alcohol mixture at —79°C. The bottle was then transferred to a dry container surrounded with solid carbon 
dioxide and kept in a standard commercial deep-freeze cabinet. Prior to use the bottle was taken from the 
deep-freeze cabinet and its contents thawed in a water bath at 40°C. The Ringer saline was decanted, its pH 
estimated, and fresh Ringer solution poured into the bottle. Immediately prior to use, the graft was placed 
in normal saline solution containing 1,000 units of penicillin per ml. Twelve grafts were stored in this way for 
periods lasting from three days to three months. The method was satisfactory so far as lamellar grafts are 
concerned. The latter remained completely clear but full thickness grafts showed opacification and this problem 
is still under investigation. 


Sommaire: Description d’une méthode pour garder des greffes de cornée en les congelant. 


Freeze Drying of Acidified Milk 


Yugoslavia. Reference is made to methodical experiments carried out at the Central Institute of Hygiene at 
Zagreb on the production of dried yoghourt milk. The product obtained from normal cow milk, and having 
a fat content of 7%, was dried and stored for three months, but on reconstitution was free of all rancidity and 
tasted like fresh Yoghourt. The experiments proved that the survival rate of the main fermenting micro- 
organisms (Thermobacillus Bulgaricus and Streptococcus Thermophilus) is satisfactory and that the freeze drying 
method is a suitable process for production of yoghourt powder. The author discusses the nutritional value of 
yoghourt and yoghourt inoculated milk and makes a number of suggestions on how to make use of the process 
to obtain sour milk powder of different compositions, each of a highly nutritional value. 


Sommaire: Description d’une méthode pour congeler les yoghourts. 
> 


Concentration of Potato Root Diffusate by Vacuum Distillation 
See Abstract No.: 81/III 


The Preservation of Vaccinia Virus 


United Kingdom. The various methods used from early times to the present day for preserving vaccinia virus 
are reviewed and reports describing the methods are quoted. At the end of the eighteenth century small quan- 
tities of vaccine were preserved on ivory ‘points’ and glass. Vaccine crusts were powdered and lymph was also 
preserved in liquid form in sealed capillary tubes. About the middle of the nineteenth century, glycerol was 
adopted as a vehicle for vaccine lymph. In 1881 Reissner published the first description of a method for 
drying vaccine in bulk. He dried calf lymph on glass microscope slides in a desiccator and ground the product 
to a fine powder which could be stored for two weeks. A vacuum drying method was used by Verardini who 
processed 300 human pustules at a time for 5-6 days under a vacuum of 10-15 mm. Hg. This dried vaccine 
survived best at 0-6°C. In 1902 Blaxall dried calf lymph in porcelain dishes over sulphuric acid in vacuo and 
obtained a powder which could be stored for 5 months at room temperature. In 1909 calf lymph was dried on 
porous plates over sulphuric acid in vacuo. The lymph was preserved better as large pieces than as a powder 
and was kept sealed under vacuum. Good reactions were obtained after storage for one year at 37°C. In general, 
however, dried lymph gave unreliable results and was difficult to reconstitute. In 1919 D’Arsonval and Bordas 
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dried lymph using a moisture condenser cooled by liquid air, or solid CO, and acetone. The method used by 
Otten in 1926 was to dry the lymph in thin layers over sulphuric acid for 24 hours in vacuo. The dried mater- 
ial was ground and stored in glass tubes which were evacuated to a pressure of 0.25 mm. Hg and sealed. 
Lymph obtained 8 days after inoculation was found to be the most successful. The dried lymph was more effec- 
tive after storage at 37°C for one year than glycerinated lymph kept at room temperature for 1} months. During 
the 1930’s, attempts were made to protect the virus by adding certain substances, such as egg white or sugars, 
to liquid suspensions of vaccinia virus. From about 1935 onwards increasing use has been made of the drying of 
vaccinia from the frozen state. The solution is frozen either in a cold bath or by the rapid extraction of heat 
during evaporation of moisture under high vacuum. Drying then takes place under high vacuum from the 
frozen state. The frothing which occurs when protein solutions are exposed to a high vacuum can be eliminated by 
freezing the liquid before reducing the pressure or by centrifuging the material during the evacuation process. 
This method prevents concentration of potentially deleterious agents such as salts and gives a highly soluble 
product. Drying and storage properties of a virus may be influenced by the types of animal in which it has 
been propagated. About 1951 Greaves’ centrifugal freeze drying method came into use for preserving vaccinia 
virus. Better results were obtained when the dried suspensions were sealed under a high vacuum than when nitro- 
gen packing was used. Using purified virus freeze-dried in 5% peptone a vaccine was produced which gave 100% 
successful primary vaccinations after storage for at least 4 months at 37°C, or for at least 12 months at 22°C. 
The material was easy to reconstitute. A return to earlier methods is indicated ina U.S. Public Health Report 
published in 1951 which advocates the preservation of smallpox vaccine in the form of impregnated threads 
wound on steel needles. 

Sommaire: Revue des différentes méthodes employées depuis le début jusqu’a nos jours pour conserver les virus 
de vaccins. 


The Development of a Stable Smallpox Vaccine 

United Kingdom. A smallpox vaccine suitable for use under tropical conditions and also for storage as epidemic 
reserve in this country has been developed. Sheep lymph was used in the tests and the behaviour of freeze- 
dried lymph was compared with that of aqueous glycerinated and lanolinated lymph. Ampoules containing 
0.3 or 0.5 ml. of the materials, prepared in a manner described in the article, were initially dried in a primary 
drying chamber which had been cooled to about 4°C. The drying heads were rotated at 900 r.p.m. and the 
chamber was evacuated. ‘Snap-Freezing’ occurred after about 15 min. when the vacuum had reached 1-2 mm. 
Hg. The rotor was then stopped and drying was continued for about 5 hr. at a vacuum of 0.05 mm. Hg. During 
this time heat was supplied to the drying heads. When the product temperature had risen to 15°—20°C the 
ampoules were transferred to the secondary chamber, where they were dried for 18 hr. over phosphorus 
pentoxide. The vacuum ultimately reached in the system was 0.001 mm. Hg. After secondary drying, the 
ampoules were removed from the chamber and constricted at the necks ina blow-lamp flame to facilitate sealing. 
Normal drying was resumed for a further 2 hr. in high vacuum over phosphorus pentoxide before the ampoules 
were finally sealed under a vacuum of 0.001—0.003 mm. Hg. The dried material was reconstituted by adding 
distilled water. The potency of stored lymph was tested by three methods: (i) Intracutaneous injection of 
ascending dilutions of virus in rabbits. (ii) The scarification method of inoculating ascending dilutions in rabbits. 
(iii) Pock counting on the chorioallantoic membranes of embryonated eggs. Details of the methods are given. 
At 22° and 37°C the dried crude lymph retained its potency better than the aqueous glycerinated or lanolinated 
lymph, but was not sufficiently stable for use in tropical regions. Prolonging the period of desiccation up to 190 hr. 
did not improve the keeping qualities of the dried lymph. Dried virus was found to deteriorate more rapidly 
at 22° and 37°C when stored under dry nitrogen than when sealed under vacuum. As crude sheep lymph did 
not provide vaccine of the required standard, experiments were made with various suspending media. The 
best results were obtained with partially purified sheep virus freeze-dried in 5% peptone. This vaccine has been 
used on children with success after storage for 12 months at 22°C or four months at 37°C. 


Sommaire: Conditions requises pour un vaccin contre la variole, stable avec la chaleur. 


Concentration of Brucella Vaccine 
South Africa. In a number of countries freeze-dried Brucella vaccine is distributed in multiple-dose containers. 
The number of viable normal organisms per ampoule determines the number of subcutaneous doses one ampoule 
contains. A simple method is described for raising the dosage per ampoule. Sodium-carboxy-methyl-cellulose, 
known for its general protective qualities, was found to be an agglutinant for Brucella organisms. It was 
therefore employed for the concentration of Brucella vaccine suspensions prior to freeze drying. Details of 
the method are given. Material prepared in this manner showed a pre-drying count of 1,875 x 10® viable 
organisms per ml. Survival rate during freeze drying was 50%. Thus, } ml. of the material contained 337 x 10° 
organisms, i.e. five doses of vaccine by conventional standards. Sodium-carboxy-methyl-cellulose is harmless 
when taken internally and biological reactions to the vaccine, concentrated and prepared in the manner des- 
cribed, have been identical with those obtained when using vaccine produced in the normal way. 


Sommaire: Description d’une technique simple et peu cofiteuse pour augmenter le dosage par ampoule de 
vaccin Brucella. 
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Vitamin B,,-Active Composition 

United States. The production of fermentation broths having vitamin B,, (I), animal protein factor (APF), 
and Lactobacillus lactis Dorner (LLD) activities is described. A nutrient medium consisting of 95 lb. concen- 
trated beef extract (approximately 70% solids) 315 lb. tryptic digest of casein, 160 lb. NaCl, 720 g. FeSO,.7H,O, 
201. soybean oil, and 3,500 gal. H,O was sterilised for 30 min. at 120°, cooled to 28°, and inoculated with 300 gal. 
of a vegetable culture of a grisein, APF, and I-producing strain of Streptomyces griseus. Fermentation at 28° 
for 28 hr. with agitation and aeration at 5,000 cu.ft./hr. of air was followed by acidification to pH 3 with H,PO, 
and filtration. The filter cake was washed with H,O, and the filtrate with washing was made slightly alkaline 


with NaOH and again filtered. The resulting solution of pH 7.8 had an assay of 2,400 LLD units/ml. Upon: 


vacuum evaporation and spray-drying of a sample of the broth, a solid was obtained assaying at 140 LLD 
units/mg. The broth was treated with activated C (160 lb. Norit). The recovered dried C absorbate had an 
activity of 470 LLD units/mg. This was eluted with 167 gal. 25% pyridine (plus 2 recycle washes of 40 and 
28 gal., respectively). The evaporated eluate (24 1.) had an activity of 250,000 LLD units/ml. This concentrate 
was dried from a frozen state to give a solid product (IT) (150 ml. gave 14.1 g.) having an activity of 2,800 LLD 
units/mg. II was extracted with MeOH, and the solution was passed through Al,O,. The A1,O, was eluted with 
MeOH, and the active fractions were concentrated. Upon admixture with Me,CO crude I precipitated. I was 
further purified by precipitation from EtOH solution by the addition of Me,CO. Crystallisation from aqueous 
Me,CO gave 106.0 mg. crystalline I. 

(Chemical Abstracts) 
Sommaire: Description de la production de bouillons de fermentation ayant des vitamines Bj,, le factor APF de 
protéine animale et des lactobacillus lactis Dorner actifs. 


Freeze-Drying with a Modified Glick-Malmstr6m Apparatus 


Sweden. From the theoretical point of view, Glick and Malmstrém’s tissue dehydrator made from glass and 
using a liquid-nitrogen cooled condenser in close proximity to the frozen specimen was efficient. However, 
owing to the fragility of glassware and the risk of explosion when using liquid nitrogen traps in conjunction 
with vacuum apparatus, a modified design was produced by the authors employing metal and only a mini- 
mum of glass components. Some of the general considerations guiding the authors while designing the new 
apparatus, are given. To avoid artefacts due to ion diffusion and enzymatic decomposition, tissues must be 
frozen as quickly as possible after removal from the organism. In freezing, high rates of ice crystal nucleation 
and slow rates of crystal growth favour the production of small crystals which cause the minimum of structural 
changes. As the rate of formation of new ice crystal nuclei is 1018 times greater at —43°C than at —33°C, tissue 
samples should be rapidly frozen well below this temperature range. Liquid air has a satisfactory temperature 
but cannot transfer the heat rapidly enough to the specimen. A coolant of higher conductivity is required. Pure 
propane, having a low freezing point (below —185°C) was employed. The propane gas was liquefied in a coil of 
tubing immersed in a liquid nitrogen-filled Dewar and was conveyed into a liquid nitrogen-cooled metal flask. 
A small metal basket in the flask held the specimens which were thus exposed directly to the liquid propane 
and after freezing, were transferred by thin forceps to the specimen holder in the drying tube. These specimen 
holders were of solid iron. The tissue was placed on paraffin wax, previously degassed for 30 min. at 10°? mm. 
Hg which filled grooves machined into the holder. For the initial drying period the drying tube was immersed 
in a carbon dioxide-acetone mixture held in a Dewar and its temperature was kept at —60°C. All components 
but the drying tube, the Dewar, the condenser which operated with liquid nitrogen and a cold trap in the 
pumping line also operated with liquid nitrogen, were made from metal. The distance between the sample 
and the condenser is 4 cm. Drying was carried out at 10° mm. Hg; a 3-stage diffusion pump with a speed of 
275 1./sec. at 10°* mm. Hg was employed. After completion of the initial drying, the carbon dioxide-acetone 
bath was removed allowing the temperature of the specimen to rise to room temperature and causing the 
liquid nitrogen in the condenser to evaporate. As a result, the water trapped on the condenser resublimed and 
migrated to the trap in the pumping line. Drying was then continued overnight. Dehydration was considered 
to be complete when, on filling the condenser again with liquid nitrogen, no moisture condensed on its walls. 
For specimens less than 2 mm. thick the following approximate dehydration times have been found sufficient: 
Tissues with a moderate water and lipid content—6 hr.; tissues rich in water—8 hr.; tissues with a high lipid 
content—12 hr. On completion of the drying, embedding of the specimen was effected by induction-heating 
the iron specimen holder thus liquefying the wax on which the specimen was resting during drying. 
Sommaire: Description et détails d’une technique de lyophilisation employant un appareil modifié de Glick- 
Malmstrém. 


Improvements i.o.r.t. Closures for Lyophilisation Containers 

United States. The design of a closure is described, developed for use with containers in which material may be 
frozen, freeze-dried or stored aseptically. The container may be of any suitable shape and either of glass or 
clear plastic. Its neck portion consists of an inner cylindrical wall and its opening should be flanged. The 
closure remains in place during the processing of the material and is intended to prevent the entrance of foreign 
matter during processing. At the same time, it allows gases and vapours to escape but provides a gas-tight seal 
when required. The closure consists of a flexible disc cover made from rubber and it is located over the cylindrical 
opening of the container by pins which slide on the inside wall of the container opening. In the ‘open’ position 
the enclosure is spaced away from the bottle opening by a series of small collapsible rubber knobs resting on 
the flange of the bottle and strong enough to support the weight of the closure without collapsing. The gap 
thus provided has the advantage that gases and vapours can escape unhindered during processes such as 
lyophilising whereas conventional closures may be sealed to the bottle during the process as a result of the freezing 
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of fragments of processed material situated near the opening of the bottle. When air is admitted rapidly to the 
vacuum chamber containing bottles with the closures of the new design the inrush of air will excercise an ad- 
ditional force on the closure such that the knobs collapse and the closure is forced down onto the container 
flange sealing the bottle in the process. If the vacuum chamber is brought up gradually to atmospheric pressure 
no seal is made and pressure in the bottle rises to atmospheric. A collar is then placed over the closure and 
crimped under the flange of the container in order to effect a seal. A central hole in this cover facilitates the 
insertion of an hypodermic needle for withdrawal of the material when required. For normal storage purposes 
the hole is covered up by a second cap which in turn is held down by an outer collar, the lower portion of which 
is crimped under the flange of the container. 

Sommaire: Ce brevet décrit un container de lyophilisation amélioré dans lequel le produit est lyophilisé, et 


stocké aseptiquement. 
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High Energy Physics 
See Abstract No.: 88/I 


Production of Enriched Non-Radioactive Isotopes at Oak Ridge National Laboratory 
See Abstract No.: 74/II 


High Energy Particle Accelerators 
United Kingdom. The first particle accelerators gave outputs of a few hundred keV, but modern machines will 
soon operate at up to 20-30 GeV. The lower energy apparatus, however, is not obsolete. The article discusses the 
characteristics of the high-energy machines and the uses to which they may be put. All accelerators of high- 
energy particles use acceleration by an r.f. field across gaps, except the betatron, which accelerates electrons 
and uses the electric field associated with a changing magnetic field. Particle stability is the main problem. 
Firstly, the particles and fields must be as near in phase at the gaps as possible, and secondly, focusing must be 
employed to prevent dissipation of a large number of particles. In linear accelerators a large number of gaps 
in a straight line are used, while the other types of machine use a magnetic field to employ the same gap or 
gaps repeatedly. The linear accelerator is likely to be the better machine for electrons, while the closed orbit 
machines are probably the best for heavier particles. The synchro-cyclotron is restricted by the fact that 
its cost rises rapidly as the energy requirements increase owing to the large magnet required. The proton 
synchrotron uses a fixed orbit radius and therefore only an annular magnetic field is required, thus lowering the 
cost. The linear accelerator has reached 600 MeV (electrons) using a sectioned corrugated waveguide 60 m. 
long. Synchro-cyclotrons have delivered protons with energies up to 450 MeV. Electron synchrotrons will 
operate at 5-6 GeV, and the proton machine at about the same level, the orbit radius being about 18 m. These 
high energy machines are used for a variety of nuclear experiments, of which polarisation effects in the scattering 
of protons by nuclei, and observation of individual particles of the meson group, are typical examples. 


Sommaire : Une revue des accélérateurs de particule, a haute énergie actuellement employés, et type d’expériences 
faites avec ces appareils. 


Berkeley Proton Linear Accelerator 
United States. In the historical introduction to their paper the authors point out that althcugh the proton 
linear accelerator has now been bettered from the cost point of view by the proton synchrotron it still has a 
number of advantages over the synchrotron, principally in the characteristics of the external beam. 85% of the 
beam is concentrated within a 3 mm. diam. circle; the angular divergence of the beam is 10-8 radian; the energy 
homogeneity is about 3x 107%; the average external beam current is about 10? times that of the 184-inch 
cyclotron and the average external beam current density is about 10® times as great. The general design 
characteristics are discussed with relation to cost, efficiency and safety. The wavelength was chosen to be 150 
cm. because radar equipment was available in this range. The power per unit-length is limited by x-ray emission 
and electrical breakdown. It is observed that layers of pump oil are responsible for most of the electron emission. 
The injection energy was chosen as 4 MeV, this being a reasonable voltage to attain with an electrostatic genera- 
tor and also a high injection energy was desirable to accomplish focusing by thin beryllium foils. The accelerator 
consists of 47 individual cavity resonators which have to be individually tuned to the same resonant frequency. 
Drift tubes are incorporated to shield the protons while the field is in the wrong direction. A particle takes one 
full r.f. period to travel between mid-points of successive drift tubes. The authors give mathematical treatments 
for the voltage gain, power input, Q, and modes of the cavities. The general beam dynamics are considered 
mathematically. Whether or not a particle injected into the machine is accelerated through the machine 
depends on the phase and velocity that it has as the entrance to the machine. A set of curves is given from which 
the phase acceptance of the particle can be determined. The resonant cavity of the accelerator is housed in a 
steel tank 40 ft. long and 48 inch. in diam. The top is hinged, 4 inch. above centre, and can be raised by a pair 
of hydraulic cylinders. The vacuum gasket used in sealing, runs completely round the tank and is 90 ft. long. 
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The gasket is of flat-H cross section of moulded rubber and is held to the un-machined flange by special screws 
and retained by a }-inch square strip of steel, tack-welded to the vacuum side of the flange. The tank is mounted 
on a roller at one end to allow expansion and is prevented from rolling over by the pump manifold which is 
resting on the floor. The resonant cavity is a ‘liner’ mounted within the tank. It is of dodecagon cross section, 
each face being a long copper strip the length of the liner, supported on die-formed circumferential frames, 
in turn supported by spring supports to the main tank. The liner is also mounted to allow for expansion. 
The liner has 40 pump-out slots, 12 inch. long by } inch wide. Each liner panel is cooled by a 40 ft. length of 
tubing through which water is circulated. The principle radiations from the accelerator were x-rays and fast 
neutrons. The x-rays were reduced to a safe level by 14 inch. of lead and the neutrons by an 18 inch. thick 
wall of basalite concrete. X-radiation generally increased after opening the system to air. After several months 
running the system had to be cleaned of pump oil deposits. The vacuum requirements are met by a 30-inch. 
three-stage diffusion pump and an 8-inch two-stage diffusion pump in series backed by two 43 c.f.m. Kinney 
rotary pumps in parallel. A refrigerated baffling system was used. The pumping speed measured inside the 
liner was 2,500 1./sec. Many different types of vacuum seals are used in the system including Teflon compression 
seals in the transmission line input. The machine operates with a total end-to-end voltage of 36 MV. The duty 
cycle is 0.9, the average power is approximately 20 kW. The oscillator system consists of three pre-exciter 
oscillators and nine single-tube power oscillators, each connected to the liner through a separate transmission 
line and coupling loop. The correct mode of operation is chosen by manual tuning of the pre-exciter oscillators. 
The magnitude of the load impedance is adjusted by varying the size of the coupling loop in the liner. The power 
system uses a standard three-phase mercury vapour rectifier circuit charging a pulse-forming network 
through a reactance. The network is discharged into the load by a triggered spark gap through a pulse trans- 
former. A separate power system feeds the pre-exciter oscillators. The pulse generator supplies a trigger pulse 
to the Van de Graafi generator which keys the ion source after the cavity is built up. One small magnet deflects 
electrons formed in the final drift tubes upwards into a carbon catcher and a larger electro-magnet is used for 
separating the beam harmonics and deflecting the beam to its desired position. The measured energy available 
is close to 31.7 MeV. Beam current available is } uA average, the maximum recorded being 0.37 wA at a 
recurrence rate of 15 c./sec. 


Sommaire: Détails d’un accélérateur linéaire de protons opérant maintenant a Berkeley; cet appareil augmente 
l’énergie des protons jusqu’a une énergie finale de 31.5 MeV, partant d’un éjecteur Van de Graaff de 4 MeV. 


Stanford High-Energy Linear Electron Accelerator (Mark III) 


United States. The Stanford electron accelerator Mark III is a travelling-wave accelerator employing 21 
klystron amplifiers, feeding separate 10 ft. sections with 10-20 MW of pulsed power of a wavelength of 10.5 cm. 
The electrons are injected at 50-80 kV and travel 220 ft. in an aperture of 2 cm. diam. Experimental stations 
are provided at points 10 ft., 100 ft. and 125 ft., along the accelerator as well as at three positions at the end. 
A simple explanation of the principle of operation of a travelling-wave accelerator is given and it is pointed out 
that the electron after the first few inches reaches nearly the velocity of light and thereafter the gain in energy 
of the electron is shown by a gain in mass. At the design values of 1=220 ft. and V=1,000 MeV the electron 
‘sees’ the accelerator as being 26 cm. long whereas the aperture remains relativistically unaltered. The accele- 
rator structure is of the disc-loaded type and the choice of the various design parameters is discussed with a view 
to as high an output as possible. These factors include materials, configuration, disc spacing, disc thickness, 
power distribution and frequency. The filling time for the structure is chosen as 1 yu sec. leaving | yp sec. as the 
accelerating time when using 2 yu sec. pulses. Special klystron amplifiers were developed which are synchronised 
by supplying them from a common source. A single master-oscillator provides the necessary trigger pulses 
to operate the various pulsed components. A phase-shifter in the input to each klystron is adjusted to maximise 
the beam output. The earth’s magnetic field is minimised by wrapping the accelerator with hypersil and also 
by degaussing coils. Each accelerator section is made up from five 2-ft. subsections made by shrinking 23 copper 
discs in a prepared copper tube. The fabrication of the accelerator subsections is described in detail laying stress 
on the importance of attaining great accuracy and repeatability. A micro-wave measuring technique is used 
to check the internal diameter of the tubing after machining and honing. In the shrinking operation the tube 
is placed in a steam jacket; the discs, mounted on an inner mandrel, are immersed in liquid nitrogen and then 
the two are fitted together and allowed to reach room temperature. The mandrel is removed and the flanges 
at either end of the tube are machined to provide an O-ring slot which can be pumped through a small hole to 
provide a guard-vacuum space between the lapped ends of the section and the O-ring. The completed section 
is then submitted to r.f. tests for measurement of phase velocity, group velocity, Q, impedance and reflections, 
matching of couplers and measurements of imperfections. The klystrons are continuously pumped to a pressure 
of approximately 10-6 mm. Hg, when the cathode is hot. The accelerator vacuum is governed by two factors, 
electrical breakdown and electron scattering, and is approximately 2 x 10™* mm. Hg when the accelerator is 
running at full power. The klystrons were specially developed for the application. The design is such that the 
valve is demountable for replacement of the cathode but a sealed-off design is thought to be feasible. The 
accelerator is fed by 21 klystrons, the power to each one of which is synchronised allowing for the time of flight 
of electrons through the accelerator. Power is transferred from the klystrons to the accelerator through an 
evacuated (10-> mm. Hg) waveguide. The klystrons are separated from the amplifier by ceramic windows 
brazed into the waveguide. Each 10 ft. section of accelerator is pumped by a small oil diffusion pump through 
the input waveguide with a liquid nitrogen trap and a water-cooled baffle between pump and waveguide. 
Continuous monitoring of pressure is accomplished by using ionisation gauges which are also used to give 
alarm in case of vacuum failure. Isolation valves of a special design are used to isolate 10 ft. sections for service- 
ing purposes. The guard-vacuum between O-rings and lapped surfaces at the end of each accelerator section 
is obtained using a mechanical pump. The problem of injecting the electrons into the accelerator is discussed 
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mathematically and descriptions are given of three types of gun and pulsing circuits which were tried. The gun 
currently in use is of the directly heated tungsten spiral type developed at Telecommunications Research 
Establishment, England. A theoretical study of bunchers and buncher design is given. Factors causing 
transverse motion of the electron beam within the accelerator are considered. Apart from three intermediate 
tapping points the main beam is deflected by magnets at the exit of the accelerator to give electron beams 
substantially free from x-rays and neutrons by either the ‘achromatic prism’ system or the ‘achromatic trans- 
lation’ system. Radiation shielding problems from such a high energy accelerator are serious and are discussed 
fully. The principle sources of radiation hazard are x-rays and neutrons. Discussion of neutron energy dictates 
that 5 ft. of concrete is necessary to reduce the level to safe limits. A graded shield of concrete is used for 
protection from x-rays, y-rays and electrons, being 2 ft. thick of ordinary concrete at the input end and 3 ft. 
thick of ferrite-loaded concrete at the output end. The maximum energy at the time of writing was 630 MeV, 
the maximum average current is 1.0 yA, maximum peak current is about 50 mA, the cross section of the beam 
is inch diam. and the bulk of the energy is in a 2% energy band. The current available at intermediate 
points is higher than at the end. 


Sommaire: Détails sur un accélérateur linéaire d’électrons, 4 haute énergie (Mark III) installé a l’Université de 
Stanford, ainsi que de son équipement d’accélération, de transmission de puissance radio-fréquence, appareil 
auxilliaire, dynamiques du faisceau et certains résultats sur son fonctionnement. 


A Linear Accelerator for X-Ray Therapy 
See Abstract No.: 22/I 


Developments in Apparatus for Deep X-Ray Therapy 
See Abstract No.: 149/I 


Medical Research Council’s Cyclotron 


United Kingdom. The M.R.C. cyclotron at Hammersmith Hospital is to produce both neutron and charged- 
particle radiation, and radio-isotopes for therapy and research. The cyclotron is a 45-inch machine, the magnet 
core consisting of eight pieces. Rectangular aluminium tubing is used for the construction of the coils (408 turns 
each), and cooling is by distilled water through this tubing. A separate heat exchanger using tap water cools 
the distilled water, the tap water circulating through evaporator cooling towers. A field strength of 17 k gauss 
is obtained across an effective gap of 8 inch. The lids of the vacuum box form the pole faces (‘Armco’ iron, 
3 inch. thick, copper plated on the inside face). The vacuum box itself is of rolled brass, brazed together. The 
‘dee’ system is conventional, and operates at 11,286 Mc./sec. The measured Q is 4,550. The ion source is of the 
hooded type and has a vertical hairpin filament fed from a 500A 6V generator. The pumping aggregate consists 
of two 16-inch diffusion pumps backed by two mechanical pumps of 200 cu.ft./min. capacity. With refrigerated 
baffles the speed is 4,000 1./sec. at 10°> mm. Hg for a volume of 4,000 1. Distilled water cooling is employed, 
and 5 x 10-5 mm. Hg can be reached in 2 hr. and 5 x 10-6 mm. Hg in 2 days. The leak rate has been measured 
at 6 microns per hour. The r.f. system consists of a 12 kW transmitter driving two neutralised BW 165 valves of 
22.5 kW anode dissipation. The output at the frequency stated is 75 kW. The machine will give a 30 MeV 
a-particle beam, and beam currents of 750 uA of singly charged hydrogen molecular ions have been measured 
at 6 inch radius. 

Sommaire: Description d’un cyclotron installé a l’Hépital d’ Hammersmith pour la production de neutrons, ou 
de radiation chargées de particules et d’isotopes radio-actifs. 


The 156-inch. Cyclotron at Liverpool 

United Kingdom. The essential features and use of the 156-inch. synchro-cyclotron at Liverpool University are 
described. The building of the machine was instigated by Sir James Chadwick and its construction was com- 
pleted in time for the regular experimental programme concerned with the properties of fast protons, neutrons 
and pions, to begin in January, 1955. The building housing the machine consists of the two-storey cyclotron 
room with a large ante-room used for experimental work. Above these are situated ventilation and cooling 
equipment. The cyclotron room is heavily screened by thick concrete walls and sandstone packing, with chan- 
nels provided through the 12 ft. thick concrete wall to allow beams of particles to enter the ante-room. The 
magnet has poles of 13 ft. diam. This diameter was determined by the plant available in Britain for the machin- 
ing. The energising coils for the magnet are cooled with water circulating in the conductor, and produce a 
centre field of 18,900 gauss corresponding to a proton energy of 410 MeV. The gap is 15.5 inch. near the centre 
and 11.5 inch. at the edge. The r.f. system is similar to the three-quarter wave system used by MacKenzie 
(Berkeley) where the dee is coupled through a section of transmission line to a variable capacity, the other side 
of which is connected through a stub line to earth. The dee is suspended in the vacuum tank. The total volume 
to be evacuated is 30,000 1. and the pressure can be reduced to 3 x 10°° mm. Hg by two 80-cm. multi-stage oil 
diffusion pumps with a combined speed of 24,000 1./sec. at 10° mm. Hg. As in-leakage of hydrogen is necessary, 
the operating pressure is higher, i.e. 5x 10°> mm. Hg. The mean beam current is over 1 uA from which an ex- 
tracted beam of protons of 383 MeV and acurrent of 3 x 107? uA is available in the experimental room. Neutrons 
of energies 200-400 MeV are available, and beams of pions of 150 MeV and 96 MeV may be extracted from the 


tank. 
Sommaire: Description des parties essentielles et de l’emploi d’un synchro-cyclotron de 156 inches installé a 
l'Université de Liverpool. 
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A Circulation-System for He-3 

United Kingdom. Reference is made to experiments occasionally carried out in the Birmingham 60-inch 
cyclotron employing ions of helium-3. Helium-3 occurs in the atmosphere as one part per million and ten times 
less in well-helium. Helium, enriched with the isotope of mass 3 to 2%, can be obtained but is expensive. For that 
reason a system has been devised for the helium employed in experiments to be collected from the cyclotron, 
purified and recirculated to the instrument. The system makes use of the fact that charcoal cooled to liquid 
air temperature absorbs all gases but helium. In detail, the all-metal system consists of a mechanical rotary 
pump (disconnected while the helium is circulated), and two 14-inch oil diffusion pumps operating in parallel 
to evacuate the cyclotron vacuum chamber, backed by a l-inch mercury diffusion pump. A liquid air trap in 
front of the mercury diffusion pump removes water and oil vapour from the system. The mercury diffusion 
pump ejects the circulating gas into the charcoal trap which consists of a stainless steel U-tube containing 35 g. 
of activated charcoal cooled by liquid air. A second mercury diffusion pump maintains a pressure gradient across 
the charcoal and returns the purified helium through a needle valve to the cyclotron source. With the normal 
air leak (1-2 c.c./min. at atmospheric pressure) the circulating operation can be maintained for 8 hr. without 
undue rise of the normal operational pressure which is 3 x 10°> mm. Hg. On completion of a run the gases ab- 
sorbed in the charcoal trap, which should amount to about } 1. of air at atmospheric pressure, are removed by 
heating the trap to 400°C. The gases liberated are withdrawn by means of an auxiliary pump. 


Sommaire: Description d’un systéme pour récupérer et recirculer l’hélium; ce systéme est employé pour certains 
travaux avec le cyclotron de 60 inches de Birmingham. 


Radioisotope Production Rates in a 22-MeV Cyclotron 
See Abstract No.: 142/III 


Some Properties of a Simple Omegatron-Type Mass Spectrometer 
See Abstract No.: 47/II 


Theory and Probe Measurements in a Magnetic Ion Source 


Belgium. A magnetic ion source is described consisting of a cylindrical tube (the anode) partially closed at each 
end by a disc perforated at the centre. Each of these holes opens into a short cylindrical chamber of the 
same diameter as the anode; in one chamber is the filament which serves as the source of electrons, in the 
other a Faraday cylinder for the extraction of ions and a passage to the pumping system. Half-way along the 
anode is a side tube containing a Langmuir probe carried by a spring-retained iron piston. By means of a magnet, 
the probe can be made to protrude into the anode tube to investigate the potential, etc., at various points along 
the diameter of the anode. Both end-plates and chambers are earthed, while the anode is connected through a 
resistor and a current meter to a positive potential. The probe can be made either positive or negative, and has 
its own voltmeter and ammeter. The whole tube fits inside a pair of Helmholtz coils which produce an axial 
magnetic field. The filament and one end-plate act as the cathode and emit electrons along the axis of the anode; 
the electrons oscillate in the combined electric and magnetic fields and cause ionisation of the gas filling. A 
theory is outlined leading to equations for the densities of electrons and ions as functions of distance from the 
axis, in the ‘normal state’ (ionic density neglected) and in the ‘superstate’ (ionic and electronic densities 
roughly equal). Probe characteristics were investigated experimentally for the superstate; with a cylindrical 
probe the ionic branch of the characteristic was found to be similar to that for ordinary discharges, with the 
square of the current falling linearly with increasing positive potential. The results of the experiments, per- 
formed with mercury vapour, were found to agree with the theoretical prediction of ionic or electronic density 
as a Gaussian function of distance from the axis. By comparing the radial distribution of the space potential 
with the actual anode potential, the quantity kT+/q was evaluated, and hence T+, the ionic temperature 
(k=Boltzmann’s Constant, g=ionic charge). Values of T+ as high as 720,000°K have been found. The 
electronic branch of the characteristic was found difficult to interpret. 


Sommaire: On a étudié expérimentalement et théoriquement le ‘superstate’ dans une source magnétique d’ion. 


Plutonium: Evaporation Tests, Ionisation Potential and Electron Emission 
See Abstract No.: 112/I 


Uniform Field Breakdown in Air 
See Abstract No.: 63/I 


Electrical Breakdown at Very Low Gas Pressures 
See Abstract No.: 62/I 
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Artificial Increase of Electrical Breakdown Strength of Air at Low Pressure in the Region of 300 Mc./s. 


United Kingdom. Experiments carried out in the past applying high frequency energy to an electrode system 
separated by a small air gap at low pressures (59 mm. Hg and upwards) proved that the use of a d.c. bias voltage 
can delay the electrical breakdown. The authors report on fresh experiments extending the study to the pressure 
range 5-120 mm. Hg and using gap widths from 1-4 mm. Two frequencies were employed, 227 and 379 Mc./sec. 
The d.c. bias voltages ranged from 0-125V. Breakdown will be effected eventually if the life of the free electrons 
in the gap is longer than half a period of the applied high frequency stress, thus facilitating the building up of an 
electron avalanche. Where these conditions exist, the presence of a d.c. bias voltage causes the withdrawal of 
free electrons, which may otherwise contribute to avalanche formation from the gap, by attracting them to the 
anode. A graph is shown giving the results for a series of experiments carried out at a pressure of 20 mm. Hg 
and a high frequency energy of 378.5 Mc./sec. The phenomenon described can be used in practice to inhibit 
breakdown in electronic equipment operating at high altitudes. 

Sommaire: Le phénoméne par lequel un courant continu modéré superposé sur une ultra haute fréquence 
appliquée a un espace variant de 1 4 4 mm. sous pressions de l’ordre de 5 4 120 mm. Hg, augmente considérable- 
ment la tension de claquage a haute fréquence. 


Role of Positive Ions in High-Voltage Breakdown in Vacuum 


United States. It has been suggested that one of the more important processes contributing to high voltage 
breakdown between metallic electrodes in vacuum is electron emission from the cathode due to positive ion 
bombardment. The results so far obtained cannot be properly correlated because of the varying experimental 
methods. The study reported in the present article was essentially concerned with three basic factors governing 
electron emission caused by positive ion bombardment: (a) The effect of high extractive cathode gradiants, (b) 
the effect of different metallic targets and (c) the effect of different positive ions. Details of the experimental 
set-up are given. An ion beam of 0.07 uA, produced by electrons emitted from a ring-shaped tungsten filament 
on a cup shaped anode, were passed into the acceleration gap, hitting an electrode at earth potential. The 
latter consisted of a disc which could be rotated and in which were, alternatively, a }-inch hole and three $-inch 
insulated targets of different metals. If the hole was placed in the path of the ion beam the latter was collected 
in a Faraday cage positioned underneath the disc-shaped electrode. The cathode gradient and the total ion 
energy could be varied by adjusting the terminal voltage and the gap length. The pressure in the system was 
6 x 10-5 mm. Hg and total gap voltages ranged from 10 to 140 kV. The experiments were conducted either in 
helium, hydrogen, nitrogen, xenon, or mercury. Targets of magnesium, aluminium, steel, copper, gold and lead 
were employed. In each case initial rapid rise of electron emission with ion energy was followed by a slow linear 
increase. The emission from aluminium and magnesium target bombardment with helium ions varied slightly 
with cathode gradient but the emission of other targets such as lead and gold was independent of the value of 
the cathode gradient. Minimum electron emission was obtained for materials, the atomic number of which was 
about 40 and the density of which was in the neighbourhood of 9 g./c.c. The highest numbers of electrons 
produced by a positive ion was obtained in bombarding steel with nitrogen ions. By inclining the target to the 
electron beam the emission could be increased. For an angle of 30° between ion beam and target surface the 
emission was doubled. Previous workers have established that the positive ion emission from metals bombarded 
by electrons is less than one ion per 1,000 electrons (coefficient A). In this work, it was found that less than 
twenty electrons are released per impinging positive ion (coefficient B). The particle-interchange theory of 
high-voltage breakdown in vacuum stipulates that A x B >1 to produce the required instability to initiate 
a chain reaction causing eventual vacuum breakdown. The present experiments proved that the secondary 
electron emission was quantitatively inadequate to fulfil this condition. The present investigation however 
does not take into account the possible formation of negative ions. Also the outcome of the experiments does 
not exclude the possibility that vacuum breakdown is caused by larger atomic aggregates than simple gaseous 
ions and reference is made in this connection to Cranberg’s ‘clump’ theory of vacuum breakdown (see Volume II 
Abstract No. 60/IV. (See also Abstract No. 50/IV.) 

Sommaire: On a mesuré l’émission électronique de cibles de magnésium, aluminium, cuivre pur, or et plomb, 
soumises 4 un bombardement d’ions de différents gaz. 


Composition of the Interelectrode Prebreakdown Current in High Vacuum 


United States. The study reported in the present article is connected with the work recorded in Abstract No. 
49/IV and is concerned essentially with the composition of the interelectrode prebreakdown current. Details 
of the experimental set-up are given. Measurements were taken on a pair of aluminium electrodes and a pair of 
steel electrodes. One of the two electrodes was of low heat capacity and thermally insulated, and the other was 
of large heat capacity remaining at substantially constant temperature throughout an experimental run. The 
gap between the two electrodes was 4 inch, the high voltage source was a Van de Graaff generator and the gap 
voltages used were 80-100 kV. The pressure was 5x 10° mm. Hg. By measuring the rate at which the tem- 
perature of the heat insulated electrode rose, the relative amount of prebreakdown current carried by negatively 
and positively charged particles passing through the gap could be ascertained. The experiments indicated that 
the prebreakdown current was composed chiefly of negatively charged particles. In the case of the aluminium 
electrode the electrons outnumbered the positive ions by more than 300:1, and in the case of the steel electrode 
the figure was 1,000:1. It was established in previous studies that about 1,000 electrons are required for the 
emission of one positive ion. In the work recorded in the previous abstract it was found that no more than 
twenty electrons were produced by one impinging positive ion. It appears that the predominantly negative 
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emission established in the present experiments must be caused by additional mechanisms such as field emission 
operative in the conditions stated. 


Sommaire: Des mesures sur l’augmentation de température d’une électrode soumise a des tensions de l’ordre 
de 80a 100 kV montre que le courant de pré-claquage est composé principalement de particules chargées négative- 
ment. 


The Transfer of Metal Between Electrodes in a High Vacuum on Application of a High Electric Field 


Eive. Details are given of a series of experiments conducted for the purpose of checking Cranberg’s theory of the 
initiation of high vacuum electric breakdown (see Volume II Abstract No. 60/IV). Two electrode systems were 
used: (a) Wire anode—plane cathode and (b) plane anode—plane cathode. The material was nickel or lead and 
the anodes were coated with deposit of «-active polonium of a density of 1011 atoms per sq.cm. The transfer of 
polonium was recorded by means of a nuclear plate. The gap employed was 1 mm. and d.c. voltages up to 80 kV 
were applied. Clumps formed on the cathode at voltages below and above the sparking voltage. At large gaps 
occasional sparks occurred without producing clumps. It was found that a high field rather than a high voltage 
was causing their appearance. Currents of 10712A for 1 min. resulted in clump formation. The area covered by 
each clump was less than 10°% sq.cm. The experiments indicated that positive ions formed from the polonium 
deposit on the anode formed clumps on the cathode on being drawn to points of field emission. Conditions more 
typical of the Cranberg clump explanation were found in a special experiment where the anode consisted of a 
sharpened tip of a nickel wire 0.053 cm. diam, and a plane cathode, the gap being 0.026 cm. Nineteen clumps 
were found in an area of about 1 sq.cm. of the cathode. The effect of solid clumps being detached from the 


‘anode may be produced by electrostatic forces. A calculation in the particular case indicated that the electro- 


static stress at the anode at breakdown agreed well with the tensile strength of the electrode. In another series 
of experiments two plane electrodes were used but the cathode was coated with the polonium deposit. In this 
experiment, too, clump formation was observed. There was a series of smaller and a series of larger clumps on 
the cathode, and in addition a number of clumps on the anode. In this case the clumps cannot have been formed 
by material transfer as only the cathode was radioactive. It is believed that polonium ions, formed by positive 
ion bombardment of the cathode, concentrate in points of field emission. This will explain why there are small 
and large clumps on the radioactive cathode. The clumps observed on the non-radioactive anode may originate 
by material transfer from such points on the cathode surface where electron emission, which causes the concen- 
tration of polonium ions in the form of a major clump, is intense enough to melt or disrupt the cathode surface. 
The results of the latter series of experiments introduces an element of doubt into the true origin of clumps as 
conceived by Cranberg. 


Sommaire: On a étudié le transfert de métal entre électrodes, sous vide poussé. 


Work Function of Tungsten Single Crystal Planes Measured by the Field Emission Microscope 
See Abstract No.: 60/II 


The Effect of Gases on the Contact Potentials of Evaporated Metal Films 


United States. The effect with time of oxygen, nitrogen, water vapour and air on the contact potential differences 
between aged bulk platinum and evaporated metal films was studied by the vibrating condenser method. 
The metals used were aluminium, lead, nickel, chromium and iron. Both reversible and irreversible effects 
were observed. An explanation is offered based on sorption of the gases which provide either a dipole barrier 
or an ion barrier to the emission of electrons. 

(Authors) 


Sommaire: On a étudié les effets dans le temps, de l’oxygéne, azote, vapeur d’eau et air sur les différences de 
potentiel de contact entre platine brut vieilli et films de métal évaporés. 


A Demountable Vacuum System for Secondary Emission Studies 
See Abstract No.: 21/I 


Improvements i.o.r.t. Vacuum Tight Joints 
See Abstract No.: 106/II 


Ceramic-to-Metal Sealing 
See Abstract No.: 87/II 


Ceramic Twin-Triode Pumping Technique 
See Abstract No.: 23/II 
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The Vacuum Valve and Semiconductors 
France. Although some of the relevant properties of semiconductors have been known for some time, it was the 
invention of the thermionic triode valve in 1913 which formed the foundation stone of electronics as we know it 
today. However, the invention of the transistor in 1948 has added a new and important branch to electronic 
science. The present paper presents a comparative evaluation of the thermionic valve and the transistor. In 
the thermionic valve, electrons or ions are moving freely on an essentially unimpeded path. In the transistor 
the electrons are ‘tied’ to the medium in which propagation takes place and this medium exercises an appreciable 
resistance to any forces applied externally. Transport of electricity in the thermionic valve is essentially ob- 
tained at the expense of applying great energy in the form of heat, the dissipation of which often presents 
troublesome problems. Transport of electricity in semiconductors on the other hand is comparatively simple; 
it takes place at room temperature and is effected through the intermediary of a p-n junction. The speed of 
the motion of the free electrons in the thermionic valve is large and becomes a limiting factor only at frequencies 
of several hundred megacycles. Besides, the finite time taken by the electrons for their passage is an advantage 
in certain applications of specially designed thermionic valves. The passage of electricity in a semiconductor, 
on the other hand, is bound to be slow due to frequent collisions with the atoms of the material. A formula is 
given to define the speed of the passage of electricity in semiconductors such as germanium. An appreciable loss 
of gain is incurred if employed at frequencies above 2 Mc./sec. The transit time is proportional to the square 
of the distance between emitter and collector and great technical difficulties have to be overcome in order to 
reduce this distance to a value of the order of a few microns. At that distance, frequencies up to a few hundred 
megacycles may be employed but there is the constant danger of short circuiting collector and emitter. The 
effect of any parasitic phenomena within a thermionic valve can largely be compensated for, but in the case of 
the transistor the whole mechanism of operation is not sufficiently explored to counteract such phenomena by 
anything but tentative measures. The problem of noise is equally unsolved. Although there is still much work 
to be carried out in order to make the semiconductor a real rival to the thermionic valve the fact should not 
be ignored that the transistor can be applied with advantage where a device of small dimensions and low 
consumption is required. 

Sommaire: L’auteur fait un paralléle entre le tube a vide et les semi-conducteurs, exposant leurs avantages et 
leurs inconvénients respectifs. 


The Vacuum Obtainable in a Thermionic Valve and its Measurement 
See Abstract No.: 20/I 


Deterioration of Oxide Cathodes by the Evolution of Gas from the Anode Under Electron Bombardment 
See Abstract No.: 19/I 


Evaporation of Barium and Strontium from Oxide-Coated Cathodes 


United States. An experimental study is reported of the factors governing the evaporation, from oxide cathodes, 
of barium, strontium and their compounds. The factors studied are: (1) Operating temperature, (2) space current 
density, (3) impurities of the cathode core material (nickel), (4) composition of other electrodes. In the main 
series of experiments, about 400 triodes having essentially the structure of a repeater valve were assembled, 
pumped and aged under identical conditions, batches of 40-100 being studied statistically. Samples of 3-15 
valves were selected at random immediately after pumping, and at intervals during the ageing, for analysis; 
the grid and anode were removed from each valve, the material collected on them dissolved in hydrochloric 
acid and the solutions analysed spectrochemically by the comparison standard method. The results gave the 
cumulative evaporation which had occurred during pumping and during various periods of ageing, and were 
expressed in microgram per sq.cm. of cathode surface. The ageing conditions were: Filament temperature— 
1,020°K, and anode potential—135V giving a space current of 10mA/cm.?. Three types of nickel were used as 
core material for the filaments, two with about 0.84% impurity, the third with 0.03%. With the low-purity 
samples, about 50-80 ug./sq.cm. was evaporated during pumping, when the filament was flashed at 1,300°K 
for 2 min. The total increased to 110 ug. after about 3,000 hr. ageing, followed by a steady further increase 
of about 2 ug. per 1,000 hr. up to 20,000 hr. (the longest period quoted). The figures for the high-purity nickel 
showed about 40 ug. during pumping and no significant increase during ageing. In all cases, strontium accounted 
for only about 5% of the total and it was concluded, from knowledge of the vapour pressures of BaO and 
SrO at 1,300°K, that very little of either metal could have evaporated as oxide. This conclusion, that the pure 
metal is involved, was confirmed by a second series of experiments in which the evaporated material was con- 
densed on a tungsten ribbon (the technique of Becker and Sears), the thermionic emission of which was then 
observed, and by other tests in which the material was allowed to react with water vapour, producing hydrogen. 
Tests without space current flow showed this to have a negligible effect on the evaporation rate. The effect of 
filament temperature was that an increase of 80° to 1,100°K gave a four-fold increase in the total evaporation 
of barium during the first 4,000 hr. A factor not at first suspected was the influence of anode and grid material 
(bright nickel in the first experiments). The use of cleaned and subsequently oxidised nickel anodes and grids 
greatly reduced evaporation, especially with high-purity nickel filaments, suggesting that impurities from anode 
and grid may have contributed to the supply of excess barium in the cathode. In fact, magnesium was detected 
in the oxide coating itself when bright nickel anodes were used, even with high-purity nickel filaments. Con- 
trary to what might have been expected, no correlation was found between thermionic emission and evaporation. 


Sommaire: Les taux d’évaporation du barium et du strontium du cathodes 4 oxyde d’un tube courant ont été 
mesurés pendant des essais du durée jusqu’a 20,000 heures. 
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Improved ‘Impregnated Cathode’ 


United States. Details are given of the properties of the new impregnated cathode which represents a develop- 
ment of the L-cathode. The same porous tungsten body of 3 mm. diameter as in the case of the L-cathode is 
used. The body is impregnated in a hydrogen atmosphere with a melt containing 5 moles of BaO, 2 moles of 
A1,0, and 3 moles of CaO. The L-cathode was impregnated in vacuum and the material consisted of 5 moles 
of BaO and 2 moles of Al,O3;. The emission current density, measured pulsewise by discharging periodically 
across the diode an R-C network, having a time constant of 60 u sec., at a repetition rate of 60 per sec., has been 


apne increased four times. The ageing process required to obtain full and stable emission has been reduced from 3 
J. Appl. Phys. days to 3 hr. The average total barium evaporation rate during the first 2,000 hr. of service life is reduced to 
26, May 1955 2x 107!° g. of Ba per sq.cm. per sec. at 1,465°K. Life tests carried out at the same temperature exceeded 5,000 
639 hr. without any failure. The operating characteristics of the new cathode when employed in a typical diode 
valve are shown in a graph. 
9, Nov. 1954 Sommaire: Des recherches faites auparavant dans le but d’améliorer les techniques de fabrication de cathodes 
284-289 du type L ont cenduit au développement de ‘cathodes imprégnées’. 


The Evolution of Particle Counters 


Switzerland. Counting devices necessary for assaying the rate of emission of particles have become of general 
scientific importance. The evolution of counters is surveyed and the principle characteristics of types at present 
in use are reviewed. Elster and Geitel discovered in 1903 that «-particles striking zinc blende (ZnS) produce 
light flashes. This device was employed for the detection and counting of «-particles until Rutherford and 
Geiger in 1908 developed an improved method for the detection and counting of «-particles by means of their 
ionising action. This led to the first design of the proportional (gas multiplication) counter. Details of the 
operating principle of the counter are given. The method ranges today among the fastest available: 1,000,000 
a second can be counted. It facilitates the counting of «-particles independently of any 6-particles since the 
latter have about 100 times weaker an ionising power. Geiger developed in 1913 the point counter. The output 
of this instrument is proportional to the primary ionisation and facilitates the counting of «- B- and y-particles. 
An instrument which facilitated the measurement of the ionisation produced by single «-particles and protons 
was developed by Kohlrausch and Schweidler in 1912, known as the electrometer counter. However its counting 
is slow and therefore the method is not generally applied. In 1924 the author of the present article developed 
the so-called chamber counter which facilitates the detection of particles directly through their primary 
ionisation. The chamber counter facilitates counting of «-particles and protons without interference from 
8- and y-particles present at the same time. Up to 1928 the counter had to be used for the counting of 8- and 
y-rays. In that year Geiger and Miiller published the improved design of a counter, known today as the Geiger- 
Miiller counter, which was a development of the multiplication counter. This design was improved in 1935 by 
Trost, by providing a ‘self-quenching’ effect. The author proceeds to describe the hydraulic design of a spark 
counter and later developments of this instrument. Methods of counting based on the action of electron 
multipliers were brought into practical use in 1936 by Zworykin and represent a major deviation from the 
operating principle employed on previous counters, 7.e. from counting methods based on gas ionisation. The 


63/IV 


Article by article concludes with a description of the scintillation counter originated by Kallmann in 1947. Crystals and 
H. ae pena liquids which show changes of resistance when particles are incident upon them can also form the basis of counters. 
13, "Oct. 1954 Sommaire: On passe en revue |’évolution des compteurs et les caractéristiques principales de quelques types 
190-197 actuels. 


64/1V Techniques for Counting Radiokrypton 
See Abstract No.: 5/IV 


Radiocarbon Dating System 
See Abstract No.: 139/III 
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